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Periodically, there occurs a great event that 
causes men of science to pause in their work and 
plans, and attempt to orient their science and their 
thinking' to the influence of the great event. 
Forces that bring about this self-inspection and 
analysis have included a change in philosophic 
thought, the emergence of a new scientific field, 
the discovery of a new tool for investigation, and 
the influence of an economic depression. Without 
entering into the controversy as to whether war is 
the result or the cause of scientific advai' cement 
(and both are apparently true), it cannot be denied 
that war is a- tremendously strong factor in the 
stimulation of scientific advance. As a forceful 
event, it is causing scientific men to inspect their 
position and their science, to relate themselves to 
the powerful scientific movement of the time, and 
to plan for alignment with future advancement. 

During this time of war, we have much more at- 
stake than merely learning of Nature and applying 
our learning to the problems of war. We have, it 
seems, the question of whether we shall have the lib- 
erty to continue scientific inquiry without outside 
pressure or dictation. Under these circumstances, 
science must consider its association with Man- 
kind, since it depends on human liberties for its 
freedom and life. F or my part, I have little patience 
for the quibbling over the relative virtues of so- 
called “pure” and “applied” science. They are not 
distant cousins between whom we would choose, 
but siblings whose parents are Science and Man- 
kind. With “pure” and “applied” having the 
common denominator of a scientific and social 
parenthood, and with Science and Mankind now 
in danger, there is in this crisis even less reason for 
us to choose between the children; how they ser\’'e 
to satisfj- man^S‘ curiosity on the one hand, and to 
enrich man’s life on the other is what counts. 

In sur\*eying a scientific field to determine its 
status and direction, it is more important to con- 
sider its perspective and the points of view of its 
workers, than to review merely its collection of 
facts about Nature. The accumulation of details 


comes, not always easily dr as a matter 6f course, 
but more certainly if a sound perspective and 
outlook have preceded. The attitude, however, is 
more than receptiveness to new ideas; it is a con- 
scious effort to imagine, explore mentally, 
interpret, synthesize as well as analyze, reach into 
neighboring fields for techniques and lines of 
reasoning, develop open-mindedness, and to see 
one’s science in terms of human values. Details 
then become means to an end and are not ends in 
themselves. When a science is based on a de- 
veloping mental attitude, flexibility is one of its 
characters. Findings that seem to be facts can 
be regarded as of temporary value to be adjusted 
or discarded with the acquisition of more knowl- 
edge, when the way of thinking is not dogmatic 
but broad, receptive and mobile. 

With these introductory remarks as a back- 
ground, I should like briefly to consider the science 
of Bacteriology and to attempt to orient it to 
modem thought and the influence of the war. In 
so doing, I shall have occasion also to show the 
relation of my analysis and resulting suggestions 
to a cardinal principle of Tropical Medicine. 

It is customary to sketch the historical back- 
ground for a discussion such as this. We can 
then the better see why a broader perspective can 
be considered timely. After starting as a curiosit}'' 
in the hands of Leeuwenhoek, Bacteriolog)’’ made 
little progress for 150 years. Then through in- 
quiries into the cause of fermentation and the 
tmth of spontaneous generation, the scientific 
giants of the times, led by Pasteur, learned about 
the activity of microscopic forms. When the con- 
ception of fermentative action of bacteria was 
carried over to infectious processes by Lister and 
Pasteur, the whole field of microbic causation of 
infectious disease was disclosed. This was a most 
logical turn of events, which however led to confu- 
sion because of the lack of knowledge of those para- 
sitic forms present in and on animal tissues but not 
primarily concerned with the particular infectious 
process. In a necessary' and scientific solution of 
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this confused situation, Koch laid down the prin- 
ciples that guided ctiologic studies by emphasiz- 
ing the importance of bacterial form and pure 
culture. 

Thus Bacteriology' passed through the phases of 
initial curiosity, expanding microbic physiology', 
and restraining morphology. Not until the third 
decade of this century' have bacteriologists recog- 
nized that a strict respect for form is not their 
sacred duty. Aided by' the expanding study of 
viruses, which are recognized chiefly' by' their ac- 
tion, workers in Bacteriology' now think more of 
what the lower forms do, than of their appearance. 
This about-face has been a long and painful process 
that has not simplified our concept of microscopic 
and sub-microscopic forms, but has no doubt 
brought us nearer to knowing the complexity of 
Nature’s truths. 

As a result of these studies of the last 75 y'cars, 
man’s lot has unquestionably improved. Bac- 
teriology has contributed in no small way' to 
^^the alleviation of suffering and the prolongation 
of life.” The yield of the soil has been bountifully' 
increased. The gregarious habit of man has been 
more pleasantly satisfied by' the provision of sani- 
tary conditions and of safer and more varied foods 
now available from far and near. Microbiology' 
has added to the list of industrial products used 
and enjoyed by Mankind. 

Can we hazard a guess as to the perspective of 
bacteriologists of this proudly productive era? 
It is a dangerous generalization, since there are 
many kinds of persons as well as a great variety of 
subjects to be considered. Is my opinion correct 
that we have paid disproportionate attention to 
techniques and the development of differential 
media? Perhaps we have worshipped too de- 
voutly the uncompromising goddess of taxonomy', 
unmindful that she imposes rigid concepts of 
bacterial properties that really are variable and 
hence should not be used for natural differentiation 
of bacteria. We have constantly tried to make 
procedures easy' and determinations final, and 
have accepted their artificiality without question. 
We have looked down our test tubes and micro- 
scopes so constantly that we have become myopic 
in regard to the broader outlook. 

I do not for a moment minimize the importance 
of these lines of work, which have step by step 
led to scientific advances and to the human ad- 
vantages of which I have spoken. And, if we are 
critical, we should remember that the perspective 


has been influenced by the contemporary' scientific 
atmosphere of “getting the facts.” Furthermore, 
the search for the truth about microbic and sub- 
microbic life has assuredly been a source of great 
satisfaction to the workers, whether they' reaped or 
gleaned in the brotherly' fields of pure and applied 
science. 

However, is the present status of bacterial in- 
vestigation and subjective interest all that we have 
the right or liope to expect? Are we justified in 
stopping with the accumulation of obser\'ations 
and the turning of certain findings to practical 
human use? Is the point of view to be limited to 
the perspective I have admittedly' overdraum? 

Bacteriology' has come of age and, in fact, has 
already' given birth to at least two offspring. It 
has developed its own techniques, its unique prin- 
ciples, and its individual lines of thought. It has 
roughly staked out its field and forsworn its al- 
legiance to its numerous and dubious parents. As 
a respected adult, Bacteriology' has won the at- 
tention and admiration of other sciences. To 
advance with sister sciences, it must continue to 
grow in perception, skill and interpretation, and 
not be content to stay' at the level of methods 
as the aim and end of scientific endeavor. 

This, then, is how I analy'ze Bacteriology, in this 
critical time that calls for self-anatysis and re- 
orientation in the light of the current great event. 

I venture to do so before this group because I 
recognize how much Tropical Medicine is con- 
cerned with the various phases of Bacteriology'. 
Tropical Medicine looks to Bacteriology' and allied 
fields for the understanding and solution of prob- 
lems in infectious diseases of warm climates. With 
the emphasis in medicine being placed on the 
influence of the region on the incidence and nature 
of disease, and with the current conflict illus- 
trating daily' the importance of that principle of 
Tropical ^Medicine, it is pertinent that I suggest, 
as the basis for further bacteriologic advancement, ' 
the recognition of the role of the environment in 
Bacteriology'. 

I propose to consider tlie significance of en- 
vironment in connection with free-living and 
parasitic forms. 

Let me start the section concerning the free- 
living bacteria by' making some obsen’ations, 
albeit bold, regarding bacterial studies in vitro. 
Test tube bacteriologists may think that they' are 
delving into the secrets of Nature when they put 
through its tricks a pure culture of a single-cell 
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strain, isolated from the soil by a patient worker 
50 years before. The unnaturalness of the situa- 
tion is usually emphasized by the. culture being 
received in the mail from a type culture collection. 
It arrives in the dr}’* stage in response to a tele- 
gram, and the crumbly powder, in an atmosphere 
of pure nitrogen in a sealed glass tube, is laid on 
the laboratory" table until a synthetic medium is 
made. Perhaps the only natural constituent in- 
tentionally included in the medium is water, to 
which is added a little chemically purified this and 
that, and the other elements we consider essential 
may be included in the water as contaminants or 
dissolved from the glass. This is the so-called 
^^environment” which provides enough of what 
the bacterium needs for its structure and physi- 
ology, so that in 20 hours (by the automatic timer) 
a cloud appears in the test tube, to which the 
worker points udth pride. A gram stained prepa- 
ration is made, and all forms nicely appear with 
the same size, shape and color. 

Now this is all well and good, provided the 
worker does not deceive himself. The finding is 
interesting, his curiosity may be satisfied, and 
perhaps the bacterial growth is of human value. 
I hasten to defend myself and my colleagues 
against the charge that this type of work is sense- 
less; it has much sense to it; but too often it has 
been conducted on the basis of **getting the facts.’* 
It has and will have its place, but I plead that the 
worker recognize the conditions under which he 
does such work. He must know the artificiality 
of the conditions and should be willing to say, 
^‘This is the environment I set up, not the natural 
environment. Nature’s environment is complex: 
the pabulum is mixed and variable,- the tem- 
perature is not set at db0.5°C, sunlight is sometimes 
present, the water supply is irregular, and there 
is competition with a mixed microbic flora.” 
When this point of view is held, the worker becomes 
a naturalist and he has progressed from a lower to a 
higher level of thought and perspective. 

The fact is that bacteriologists are beginning to 
see that the environment is important even under 
artificial conditions, in respect to the effect of the 
medium on the regularity of the size, shape, stain- 
ing, and chemical composition of the bacterium. 
They arc understanding the lability, the variability 
and the responsiveness of bacteria to some of these 
environmental factors. Although these condi- 
tions of observ’ation are artificial, we are learning 
by such studies that microbic forms are not static 


and rigid but follow only broad lines of regularity 
influenced by factors in their surroundings. 

If we turn now to the field of parasitic bacteri- 
ology, we find the argument even more pertinent. 

bacteriologists do not usually make studies of 
parasitic forms directly from the sites of the body 
parasitized. If we did, we should note that the 
microbic forms are not as regular or as nicely ar- 
ranged as our textbooks picture them. Instead 
of building a conception of form based on observa- 
tions of bacteria in situ, we make cultures right off 
and then fall back on the artificial culture situa- 
tion to build our concepts of bacterial morphology 
and physiology. Useful in diagnosis? Certainly, 
but not a true picture of Nature, because we have ■ 
hastened to the use of an artificial environment 
and neglected the opportunity of acquiring the 
broader perspective of parasitism. 

A basic principle of Bacteriology is pure culture 
study. Koch, following Henle’s lead, emphasized 
this point in relation to causation of disease and 
he served the needed function of bringing order out 
of chaos by insisting on the exclusion of extraneous 
forms in studies on specific etiologic agents of in- 
fectious diseases. This dogma, good in its place 
and time, is so deeply entrenched in textbooks that 
the student usually recites the so-called Koch’s 
postulates when questioned for evidence for the 
specific relation of a causative agent to a specific 
infectious disease. How much the student misses, 
particularly the medical student, if he goes no 
further in his concept of causation than an under- 
standing of Koch’s over-simplified enunciation! 
The breadth of perspective is the measure of our 
advance from Koch’s day. The question now is 
how far are we willing and able to go in our think- 
ing and teaching. 

It is clear by now that one element in the broader 
outlook I plead for is the inclusion of the environ- 
ment in the consideration of causation of infec- 
tious disease, not as an unnatural concept but as a 
genuine consideration now supported, although 
incompletely, by significant controlled ob- 
servations. 

The environment in this connection is a gradient 
from the immediate surroundings of the parasite 
in the tissues of the host, to the distant conditions 
of region and climate so effectively emphasized by 
Tropical Medicine. I do not propose to enumerate 
all the stages in this gradient, and for purposes of 
simplicity I suggest that they be divided into two 
classes — the intimate and the remote. 
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Under the term “intimate” may be placed the 
cell and tissue constituents of the particular sur- 
roundings of the parasite, concerning whose various 
roles we know so little specifically, ^^^y does a 
certain parasite flourish in a definite part of a tis- 
sue or organ of a giv^en host species or strain of a 
single species? In general, we should consider 
that when an infection results from an agent that 
has circulated in the bod}^ its successful localiza- 
tion is due to its finding a favorable intimate envi- 
ronment in a particular part. If I limit myself to 
considering the unimmunized animal, I should like 
to ask what is present or lacking in that certain site 
that favors or discourages microbic growth? 

It is becoming increasingly evident that the age 
of the host is frequently significant, and evidence 
is accumulating that the nutritional state of the 
host pla3^s a part in some instances. There are of 
course those more obvious factors that have to do 
with this matter of immediate environment, such 
as trauma and the route of entrj’- of the agent into 
the animal host; even the numbers of the invading 
parasite may affect the local situation so that the 
few sundvors of the new population assert them- 
selves effectivel}% 

We must recognize also that what we call a spe- 
cific infectious disease is not always due to a single 
microbic species in pure culture. If the infection 
is of a mucous surface especially, other parasitic 
and ordinarily non-pathogenic forms may take a 
significant part in the process. This associative 
action of different agents sometimes takes a dra- 
matic form, and in numerous instances there is a 
variation in the properties of the agents as well 
as a striking alteration of the infectious process 
itself. Here again, we must accept a modification 
of the former stereotyped concept of single specific 
causation of infectious disease and recognize that 
both etiologically and clinically the effect of the 
added microbes on the immediate environment of 
the initial parasite is significant. We err in think- 
ing of the clinical entity of influenza as always 
being due solely to the influenza virus, of the com- 
mon cold as being caused by the specific virus 
alone, of whooping cough as always attributable 
only to the pertussis bacillus, of smallpox as un- 
complicated by bacterial ctiolog\% and hog cholera 
as occurring naturally without added invasive 
bacteria. 

These Upcs of complex ctiolog>' are attributable 
in part to the physical opportunity of contaminat- 
ing parasites to enter the lesion begun by specific 


agents, but more pertinent to the argument is the 
thought that the intimate environment of a single 
parasitic species is modified b}’' the associative 
action of other parasitic species. 

The intensive stud}’* of viruses in recent years has 
on\y emphasized the importance of the role of host 
factors in the complex host-parasite relation. Vi- 
rologists have been unhindered by artificial culture 
work and morphologic studies in their learning of 
viruses. The3’' have perforce centered their atten- 
tion on the environment of the virus as supplied 
by the living experimental host. 

After referring to the cellular miheu of the para- 
site, so strikingl}^ essential in the case of viruses, 
to the host factors of age and nutritional state 
among others, and to the associative action of dif- 
ferent parasites in relation to etiology of specific 
disease, need I go further in illustrating the signifi- 
cance in medical Bacteriology of understanding the 
role of the intimate environment? 

M}" next point needs no elaboration before this 
group. The remote environment, that is, remote 
from the parasite, has been amply demonstrated 
in Tropical Medicine, and during this war is being 
illustrated and recognized more and more. We 
think here of such factors as the temperature, 
altitude, humidity, local customs and living condi- 
tions, ectoparasites, and fl^n'ng vectors of disease. 
Some of these factors are obvious in their effect, 
but some, particular!}’' those that seem to e.xert an 
influence on the intimate host-parasite relation- 
ship, are not so well understood. But they are all 
factors of environment which we may call “remote’’ 
and which bacteriologists, virologists and other 
microbiologists must recognize above and beyond 
their laborator}’’ knowledge of the specific agents 
themselves. 

VTiere does all this bring us? To the proposi- 
tion that new fields are available and open to Bac- 
tenology and bacteriologists. After having ex- 
plored its scientific region and established some of 
its basic principles and methods, Bacteriolog}" is 
now prepared to turn to a closer stud}" of Nature 
and to learn what the relation of the natural envi- 
ronment is to the various bacterial forms. 

In connection with the free-living, non -parasitic 
types, the enlarged perspective means the con- 
sideration of ecolog}', in which studies arc hardly 
begun and which in all its ramifications suggests a 
great variety of challenging, interesting and fruit- 
ful problems. 

A careful consideration of the environment of 
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parasitic forms calls for a greater regaribeing paid 
to the animal in the host-parasite relation. Too 
often we have thought of the host as a test tube — 
inanimate, standard and originally sterile. But so 
common is the occurrence of a resident virus or 
bacterium in the experimental animal that virolo- 
gists are obliged to be constantly on the guard in 
the study of an experimental virus. This illus- 
trates the many less tangible but clearly natural 
factors that have to do with parasitism. The 
whole subject of the selective cellular milieu in the 
intimate environment of the parasite presents 
challenges unlimited in scope and promising in ap- 
plication. 

Our information on the role of the environment 
remote from the parasite but affecting the host- 
parasite relation is as yet somewhat empirical and 
I fear we are in danger of allowing conceptions to 
be established that have no substantiation in sci- 
entific observation. This is a difficult problem for 
solution, this host-parasite-climate complex, but 
progress has been made and surely can be accel- 
erated when the tools, ideas and vision of workers 
are brought to bear on it. I refer here not only to 
the environment of warm climates but also to the 


larger problem of host-parasite-surroundings of all 
regions. , 

The war is the current event that is causing us 
to analyze our respective sciences in an attempt 
to see if we are progressing in keeping with our 
times and with the responsibilities we owe to so- 
ciety that nurtures science and currenth'* fights 
for our liberty of stud3^ 

The review of my own science, Bacteriology, 
leads me to propose that its further development 
could profitably be in the direction of a higher 
level of perspective than perhaps now generalh'' 
held. Without minimizing the importance of the 
study of bacteria under artificial conditions, the 
limitations of such methods should be recognized, 
and the significance of natural conditions and the 
environment is to be more fully appreciated. 
Natural conditions are complex and in reference 
to the parasite include both intimate and remote 
environmental factors. The importance of the 
environment is a principle of Tropical Medicine, 
illustrated and emphasized by world conditions of 
toda3\ To the degree that Bacteriology, whether 
applied or pure, accepts this broader perspective, 
it will the better serve Natural Science and Society. 




DIARRHEAL DISEASES 


The Eighth Charles Franklin Craig Lecture^ 
George R. Callender* 

From the Army Medical School ^ Army Medical Center^ Washingtoit, D, C, 


' HISTORICAL 

Diarrheal diseases are mentioned in the oldest 
documents of medical nature yet discovered. To 
quote from Wu lien-teh and co-authors in ‘‘Chol- 
era/^ 1934 (1): 

*‘In the Nei Ching — oldest and greatest Chinese 
classic on medicine attributed to the first Emperor 
Huang Ti (B.C. 2697-2597) — five main disturbances* 
of the human body were described, namely, of the 
extremities, heart, lungs, head and alimentary tract. 
To the last affection the t^Yo characters huo-luan were 
given, and have been handed down to the present day. 
The real meaning of huo-luan is sudden disturbance, 
which even in those early days was defined as a dis- 
turbance of the bowels and stomach.* ** 

No clear reference to diarrheal disease is found 
in the Egyptian papyri (2). In the Old Testament 
we find in the sanitary rules of the 23rd chapter of 
Deuteronomy the following: 

“12. Thou shalt have a place also without the camp, 
whither thou shalt go forth abroad; 

“13. And thou shalt have a paddle upon th^*- weapon; 
and it shall be, when thou wilt ease thyself abroad thou 
shalt dig therewith and shall turn back and cover that 
which cometh from thee.*’ 

It would be interesting to know the cause for such 
a regulation. Did it result from epidemic disease 
arising from the improper disposal of human excre- 
ment, or were the Cliildren of Israel following the 
c.xample set by the domestic cat? In the New 
Testament in the 28th chapter of Acts is recorded 
the sickness of the kther of Publius, who rescued 
Paul at the time of his shipwreck on the Island of 
Alalta. In the King James Version the condition 
is stated to have been “fever and a bloody flux,’* 
but in the Greek Testament the word “dysenterj’^” 
replaces bloody flux, the latter still a term in use 

' Presented at the Thirty-Ninth Annual Meeting of 
the American Society of Tropical Medicine, Cincinnati 
Ohio, November 16-18, 1943. 

* Colonel, Medical Corps, U. S. Army. 

Kole: Graph Number 2 is published by permission of 
War Medicine. 


in the British literature. The term dysentera’’ ap- 
pears more appropriate, for blood may be present 
without dysentery and dysenter>^ be present with- 
out gross blood. 

Earlier than the New Testament are the writings 
of Hippocrates in classic antiquity, approximately 
460 B.C. (3). In these writings diarrhea and 
dysentery are differentiated. Hippocrates ap- 
peared to be aware that diarrhea leads to dysen- 
tery and that both increase in prevalence at the 
same periods. He recognized the ages and condi- 
tions in which mortality was greater and that cases 
in which flesh-like material was passed were serious 
while recognizable fever also indicated a more 
severe condition. In the “Definitiones Medicae,’^ 
(4) about 450 A.D., attributed to Galen, a knowl- 
edge of the pathology of dysenteiy^ including phleg- 
mon and ulceration is indicated. Early epidemics 
were described by Alexander Trallianus (5) in the 
Byzantine period, while Avicenna (6) in the Ara- 
bian period classified dysenteries by their supposed 
causes. The first recorded autopsy descriptions 
were by Benivieni in 1506 (7). It is interesting 
that ipecac was mentioned in Purchas’ Pilgrimes 
in 1625 (8) and before this century'' was over had 
been used to a considerable extent in the treatment 
of dysenteo’’ especially in France. 

The first organism considered as a possible cause 
of a diarrheal condition is described in a letter of 
Leeuwenhoek to Robert Hooke in 1681. This 
organism, as has been interpreted by Dobell (9) 
was the parasite now known as Giardia la77iblia, 
described b}'' Lambl in 1857 (10). In this same 
year Malmsten (11) discovered the large protozoan 
Bala7itidiu77i coli in Scandinavia, and in 1875 Losch 
(12) discovered the ameba of dysentery^ in man in 
Russia. It is interesting that these last two spe- 
cies, now more prevalent in tropical areas, were 
discovered in the temperate zone. In 1876 A. 
Normand (13) described the strongyloid which he 
found in cases of Cochin, China, diarrhea {Slro7igy‘ 
hides stcrcoralis). In 1879 an important treatise 
on the subject of “alvine fluxes*^ was published in 
the medical history of the Civil War. This was 
written by Joseph Janvier Woodward (14) and 
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resulted from his studies of material collected at 
the Army Medical ^luseum from the battlefields 
of that war. His descriptions of the clinical course 
and postmortem pathology enable one to differen- 
tiate between amebic and bacillary dysentery and 
in some instances it has been possible to confirm 
the diagnosis by examination of the tissues still 
preserved in the Museum. 

From 1883 to 1891 considerable advance in our 
knowledge of diarrheal disease was made by the 
Egyptian Cholera Commission (15). This com- 
mission differentiated endemic (amebic) and epi- 
demic (bacterial) dysentety and demonstrated 
amebae in sections from the ulcerated intestine and 
in pus from liver abscess. About 1890 Councilman 
and Lafleur (16) introduced the term amebic dysen- 
te^ 3 ^ In 1897 Cassagrandi and Barbagallo (17) 
differentiated the harmless* from the pathogenic 
amebae. Further work on this differentiation was 
done by Schaudinn about 1903 (18) although he 
left considerable confusion with reference to the 
pathogenic ameba, which was cleared up 10 years 
later by Walker and Sellards (19) in their work in 
experimental end amebic dysenter^'^ in man. The 
cultivation of the ameba by Boeck and Drbohlav 
(20) in 1925 was an important advance, which was 
followed in 1927 by the demonstration of the 
hemolytic, cytolytic, and complement binding 
properties of extracts of Endavieha histolytica b}'' 
Charles F. Craig (21). 

The first bacterium proved to be a cause of bacil- 
laty dysenter}^ is that now known as Shigella dysen- 
tcriac, discovered by Shiga and reported in 1897 
(22). This was followed by the discovery of two 
organisms now classified as Shigella paradysenteriac 
in 1900, the first by Flexner (23) and the second 
by Strong (24). Since that time many other 
organisms classified in the Shigella group have been 
isolated under conditions which indicate that they 
are the cause of bacillary dysenterj^ while within 
the past 15 or 20 3 ^ears it has become evident that 
many members of the Salmonella group are re- 
sponsible for clinical dysentety even though the 
disease produced is ordinarily milder and more 
self-limited. The recent demonstration of com- 
mon somatic antigens between the Salmonella and 
Shigella (25) is of considerable importance and 
indicates the possibility that many an etiologic 
bacterial factor of diarrheal disease has escaped 
recognition as such because of the impossibility of 
identifying it. The work of Edwards (26), Bom- 
stein (27) and others in the serological and bio- 


logical chemical differentiation of these groups and 
the improvements in media of the last decade make 
it possible to more nearl}' approach accurate knowl- 
edge as to the prevalence of inflammatory diar- 
rheal disease. 

From the da 3 ''s of Hippocrates to the beginning 
of this centur^^ the diagnosis of d 3 'Sentery and the 
separation of simple diarrhea from the protozoan 
and bacterial lesions properl 3 * called d 3 ^senter 3 ’’ was 
dependent upon clinical acumen. AVith the dis- 
covery and development of methods for the recog- 
nition of the parasites, clinical diagnosis went into 
the background in favor of the laboratory report 
and this happened before the laboratories were 
equipped to make the diagnosis in a significant 
proportion of the cases. The diagnosis of amebic 
dysentery is relatively eas 3 % while even today with 
the most improved media a significant proportion 
of bacillary dysentery cases will not yield positive 
bacteriological results. There are, however, other 
microscopic methods which aid in the differentia- 
tion of the diarrheas. 

In the last world war the diarrheal diseases, 
while apparently unimportant in United States 
troops, were responsible for serious non-effective- 
ness in the British forces especially in Mesopo- 
tamia. This high incidence of diarrheal disease, at 
first considered to be due to Endavieha histolytica ^ 
was proved definitely to be bacillaty in origin by 
the work of a number of men among whom Will- 
more and Shearman (28), Manson-Bahr, and Do- 
bell pla 3 'ed prominent parts (2). This stud 3 ’ of the 
dysentety in the British Amw showed the possi- 
bility of differentiating, first, diarrhea from d 3 ^sen- 
tety b 3 '’ the presence or absence of an inflammatory 
exudate in the stool, and, second, the differential 
value of the character of the e.xudate in separating 
amebic and bacillary d 3 'senteries, AVhile the 
method does not have scientific laboratory accu- 
rac 3 % in the presence of large numbers of cases or 
in epidemics it can be used satisfactority from the 
epidemiological standpoint and as an indication 
for the character of treatment. In the absence of 
laboratory facilities for the differentiation of the 
bacteria of dysenter 3 ’’, it can be utilized with a 
minimum of apparatus. It is especiallv' valuable 
under field conditions and its utilization has been 
recommended under such conditions for troops in 
the present conflict. 

The foregoing historical resume has to do with 
a group of diarrheal diseases of varied etiology. It 
does not consider the most fatal of all diarrheal 
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conditions— cholera. The authentic history of 
cholera is relativel}’’ brief. According to Wu lien- 
tch (1), it begins with the year 1817 when the 
disease broke out violently in Bengal. Undoubt- 
edly it prevailed in India prior to that time but 
there is no definite evidence that it overstepped 
Asiatic limits prior to the spread to considerable 
parts of Asia and some parts of Africa in the years 
1817 to 1823. Endemic foci exist in India espe- 
cially in the delta of the Ganges and the river 
valleys of Assam and there are scattered areas 
where endemicity now exists far to the north along 
the China coast while occasional cases appear in the 
rural districts in the Philippines. Most of the epi- 
demics appear to have spread from the endemic 
areas in India hy land-traveled routes to Afghanis- 
tan, Persia, and southern Russia, and by sea along 
the coastal routes to Siam, Indo-China and the 
Chinese coast. America and Europe were in- 
volved in pandemics beginning in 1826, 1846, 1864 
and 1892, while Europe has been visited even more 
frequently. This disease above all others in the 
diarrheal group indicates lack of sanitation particu- 
larly withleference to water supply. It is improb- 
able that epidemics could occur with modem sani- 
tary water supplies, and the disease cannot be 
considered a menace to this country. Its con- 
tinued prevalence is entirely dependent upon the 
poor economic conditions which do not afford 
proper treatment of water, although local customs, 
especially some having a religious basis, have been 
anything but helpful in eradicating endemicity and 
frequently have been instrumental in starting 
epidemics^ 

Vibrio cholcrac was discovered by Koch in 1883. 
These organisms have been studied extensively and 
today a number of types are described which ap- 
pear to be of importance in disease production and 
in the manufacture of vaccines. There is still 
considerable work to be done in determining char- 
acteristics most desirable for immunization while 
the work with the vaccine has not been too well 
controlled. Sufficient evidence of the effective- 
ness of cholera vaccine exists, however, to cause its 
inclusion in the immunization program for troops 
operating in endemic areas. The destruction of 
the vibrios by the sera of man and animals 
immunized with the vaccine contributes to the con- 
fidence in its effectiveness. The organism is rela- 
tively easily lysed by bacteriophage although occa- 
sional strains arc found during epidemics which are 
resistant, and specific phages for such strains have 


been utilized. Experiments in which populations 
have been treated with phage have not been suffi- 
ciently controlled to render results of definite value. 
The treatment of drinking water with phage 
simiIarl3^ appears to have. given excellent results in 
certain instances but no adequate control groups as 
yet have been set up for this sort of prevention. 
The increased activity in study of the disease, how- 
ever, caused by the present war may give rise to 
more definite knowledge of means of prevention. 

The combatting of the dehydration of cholera 
by the use of saline solutions and water dates back 
one hundred or more years. H^^pertonic saline 
solutions, introduced by Sir Leonard Rogers in 
about 1908 (29), have been effective in lowering 
the case fatality rate. Some reports of the use 
of the sulfonamide drugs have been favorable, 
others have not. Insufficient data are available 
to enable us to evaluate them. It is hoped that 
they will be used more extensively and in as early 
a stage of the disease as possible so that we may 
have an answer as to their effectiveness. 

As is abundantly proven by British experience, 
soldiers living under field conditions may and do 
get cholera if they do not maintain the sanitary 
discipline necessary in endemic areas. 

PROTOZOAN dysentery 

The prevalence of amebic infection is variously 
estimated from a low of some 5 percent in the adult 
population of temperate zones, to 50 percent or 
over in tropical and subtropical areas especialty 
where economic conditions arc poor. Actually it 
produces a relatively small part of diarrheal dis- 
eases. Its chronicity and secondary lesions out- 
side of the intestinal tract, plus the occasional 
increases in incidence such as occurred in 1933 in 
Chicago (30), while tending to magnify its impor- 
tance to some degree, have made the medical pro- 
fession more alert in diagnosing the cases and in 
treating them intelligently. In many of the 
United States the disease is reportable and a con- 
siderable number of surveys have been made. An 
excellent summaty of the available evidence on the 
prevalence of amebiasis in the Western Hemisphere 
was made hy Faust in 1941 (31). I quote from 
his summaiy” and conclusions: * ‘Amebiasis surveys 
in the different geographical locations in the West- 
ern Hemisphere arc too few and too fragmentaty to 
provide a complete endemic picture of the infec- 
tion The positive cases reported constitute 

only a fraction of the true inddcncc in the par- 
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ticular area/' Verbal and unoflicial reports from 
various areas considered to htive liigh cncicmidty 
of amebic dysenter}' indicate that among allied 
fighting troops in these countries only 8 to !0 [)cr* 
cent of the clinical dysenteries admitted to the 
hospital arc caused by Endameba hishlylka. Pro- 
portionately to bacillar}’ dysenten’, however, 
amebiasis leads to more chronic in\'alidism, espe- 
cially if improperly treated, and does constitute a 
vcr>' definite problem not in battle line cfticicncy 
but in subsequent pensionable invalidism. Meth- 
ods of treatment in use today offer a high pro!)- 
abilit}'* ot cure but arc as yet not ideal 

D 3 ’sentcr»’ due to Balanlidium coU is rclatix'cly 
infrequent and here again poor economic condi- 
tions are contributor}'. ]Man appears to be in- 
fected from the pig and contact with these animals 
appears always to be associated with reported 
eases. The organism is present in the pig practi- 
cally universally. It is indeed rare to find a pig’s 
intestine which at slaughter docs not have an 
enormous number of these organisms in the intes- 
tinal content. Only rarely have eases of actual 
ulceration been found in these animals. The infec- 
tion appears to have no significance from a military 
standpoint. The arsenicab stovarsol and carbar- 
sone have been reported as effecti\’c in eradicating 
the parasite from man and recently there is a report 
of a successful treatment by diodoquinc after 
faOure with two of the arsenicab (32). It appears 
that man may harbor the parasite without any 
evidence of dbease. 

The status of other protozoan parasites, Giardia 
lamblia, Trkhomoms, Cfnhwaslix and other amc- 
bae with reference to their pathogenicity is not well 
defined. What evidence we have indicates that 
under certain conditions they may irritate that por- 
tion of the intestinal tract where they are com- 
monly found and may tlius lead to some activity 
on the part of bacteria normally present, 

niAKKHEAL DISEASES DUE TO BACTERIA 
a. The shigella group 

This group of organisms, for years the only ones 
recognized as producing clinical dysen ten’, was 
established by the discover}’ of the dysentei}’ and 
parad 3 ’sentex}’ groups. Especially during the last 
20 years numerous organisms having serological 
and biochemical differences hav^e been placed in 
the Shigella group and occasional new ones arc 
discovered from time to time. Their prevalence 
is worldwide, certain types being distinctly more 


[)rc valent than others. Shigella dysoderiac ap- 
pears (0 van’ from time to time in the same locality 
in the proportioj) of cases it produces. The para- 
riysetiter}’ grouf) likewise varies. Shigella sonnci 
of recent years has been quite prevalent in many 
geographical areas and it seems possible that this 
organism has been responsible for a considerable 
number of cases which would have been undiag- 
nosed bactcriologically with ordinal}’ methods of 
e.v'ammation due to the atN’pica? reactions on media 
of this species. A study of the bacteriological 
characteristics of organisms found in clinical dysen- 
terv’ by Boyd (33) has brought out a number of 
types which would not have been dfagnosabic with 
sera in use before his classification was made, and 
today in cultures especially from our soldiers 
abroad we are finding organisms which appear to 
belong in the Shigella group which we have not 
been able to differentiate with all the sera at our 
command. This condition might have been antici- 
pated to some extent because of experiences with 
antid}’scnteric scm. The earh* sera produced were 
made by immunizing animals with some 31 strains. 
In Manila in 1922 a scrum was being made contain- 
ing 33 strains, 2 of which belonged in the Salmon- 
ella group, which was quite effective against all the 
eb’senten’ eases I saw it used on in Manila, This 
same scrum, however, was flown by airplane to the 
Island of Negros to treat children in an outbreak 
in a resident school. It appeared absolutely inef- 
fectiv’c against the disease there. At that time 
serological difl'erentiation of c\*en the Flexner or 
paiadv’scntcn' group was not possible. High 
cndcmicily for the group in general is again to be 
expected wlicre economic conditions are poor, 
where privies breed flies or flies have access to 
them. The establishment of an Army camp, using 
field sanitarv’ appliances, in areas of high cadcmic- 
lly is too often followed in the course of a few weeks 
by more or less diarrheal disease among the troops. 
In the last wav this danger was practical!}’ elimi- 
nated in troops in the United Stales as shown bv’ 
the rates in the official reports, because water dis- 
posal of sewage was established in all the canton- 
ments and improvised or field latrines, aiwav’s con- 
trolled with difficulty so far as fly ingress and 
breeding arc concerned, were utilized to a verv’ 
minor degree. In the maneuvers coinddent with 
our mobilization for World War II, improvised 
field sanitation has been extensiveh'' utilized with 
an increasing and expected rise in diarrheal disease. 
Diarrheal disease prev’ention under field conditions 
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is dependent upon a very strict discipline and ade- 
quate methods of preventing contact between 
human feces and human food. The fly appears to 
be more of a menace, at least in this country, today 
with reference to dysenter}" than the water supply. 

h. The Sahnonella group 

With the exception of the organisms causing the 
typhoidal fevers, this group has been associated 
largely with outbreaks of food infection or food 
poisoning. As a result of work during the last 20 
years the importance of the Salmonella group in 
causing clinical dysentery has been brought out. 
The number of varieties of Salmonella is now large 
and scarcely a month goes b}'’ that someone does 
not find a new one. For the most part these or- 
ganisms appear to be natural parasites of animals 
rather than man though man may carry them for 
various lengths of time. Not a few of them cause 
clinical dysentery which while usually self-limited 
may give rise to ulceration and lead to fatalities 
particularly in young children and the debilitated. 
A recent review by Bornstein (27) is an excellent 
presentation of the status of this group today. 
Aside from food poisoning, which may be sporadic 
or in epidemics more or less explosireln character, 
members of this group are usually found in any 
increase in diarrheal disease in a community and 
especially in such communities as troops under 
field conditions. Their presence simply indicates 
that they as well as the Shigella can infect man 
under similar conditions and produce clinical 
dysentery" with the identical picture in the exudate 
as seen in the milder cases due to Shigella infection. 
In the food poisoning outbreaks likewise, provided 
infection occurs in addition to poisoning by the 
products of the bacteria, the stool exudate cannot 
be differentiated from that of Shigella infection. 
Clinically the enteritis is of the shorter duration 
and more self-limited in character, terminating 
without a long carrier state. Of recent years varie- 
ties found in chickens, ducks and other birds have 
come into prominence while 5. cntcritidis, ordi- 
narily a parasite of cattle, has been found less fre- 
quentl}". S. cholcrac snis, occasionally found espe- 
cially in sausage poisoning outbreaks, is sometimes 
recovered from the blood and in not a few instances 
reported from the military’ ser\’ice, has been con- 
fused with its antigenically identical cousin 5. 
hirschjddu or paratj"phoid C. The actual preva- 
lence, however, of 5. hirschfcldit in this country ap- 
pears to be low, and in fact the only area on which 


I have any information of a considerable preva- 
lence of this organism is in the Belgian Congo and 
Kenya (34). The general prevalence is so low 
that it has not been deemed necessary to include 
it in our typhoid vaccine. 5. iyphi murium often 
causes sporadic cases of the food poisoning or food 
infection type, for individual portions of food pre- 
served as leftovers may be infected and the isolated 
or sporadic case result from contamination by mice 
or cockroaches. 

Treatment of bacillary infections has included 
diarrhea mixtures of opium and bismuth, saline 
catharsis, serum and sulfonamide drugs. Serum 
has been spectacularly successful in some series 
especially when treatment is early, but it is mani- 
festly impossible to include in the serum antibodies 
for all species. It also appears impractical to in- 
clude in a vaccine for active immunization all the 
important antigenic factors in the groups of organ- 
isms responsible for bacillary dysentery. Sulfa 
drugs have proven effective especially when given 
early. Convalescence is prolonged in proportion 
to the delay in instituting treatment. The sulfon- 
amides stop the activity of the organism; time is 
required to heal ulcers. 

STAPHYLOCOCCUS AND STREPTOCOCCUS 

These organisms should be mentioned in connec- 
tion with diarrheal disease. Streptococcus has 
been reported rarely as a cause of food poisoning 
but staphylococci, both aureus and albus, first de- 
scribed as agents causing food poisoning by Barber 
in 1913 (35), have assumed an important place in 
the causation of food poisoning. 

Some but not all of the staph 3 dococci found in 
food produce enterotoxic substances as shown by 
experiment in man and animals. Some will pro- 
liferate at icebox temperature and some will grow 
in agar media having the salt content of the brine 
used in pickling hams (10 per cent NaCl 4- 1 
per cent KNO3) (36). 

The symptoms of staph^dococcus poisoning often 
differentiate it. Gastric pain, vomiting and col- 
lapse one to four hours after ingestion are rather 
characteristic. The vomitus may contain blood. 
Diarrhea may” or may not follow. Exudate in the 
stools has not been described. 

PREVALENCE OF DIARRHEAL DISEASES 

It is practically impossible to make zxiy definite 
statements as to the prevalence of diarrheal dis- 
eases. In few areas are dysenteries reported to 
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health sendees except as they are considered to be 
a cause of death. It is doubtful if more than 20 to 
25 per cent of diarrheal diseases are ever brought 
to the attention of a physician. Only when they 
have lasted for a number of days or are of unusu- 
ally severe character do they appear in any records. 
Civil records are of little or no value. A Public 
Health Sersdee sur\^e 3 ’’ (37) of food poisoning and 
food infections in 1939, while admittedly incom- 
plete, indicates that this one item in the diarrheal 
group is of ver>'' considerable importance in causing 
illn^s. , The group as a whole is extremely impor- 
tant as a cause of infant mortality, especiall}^ in 
populations of a low economic status. Even in the 
militar>^ servdee, where there is every inducement to 
go early for treatment, many a case never appears 
on sick report especially under field conditions. 

Throughout written histor>" as relates to wars, 
diarrheal disease has been of great importance in 
producing non-effectiveness in troops. In many 
wars it has been the deciding factor in campaigns 
as it was in the last World War in the fighting in 
^lesopotamia. It is more important in wars 
fought in warm diraates than in those in temperate 
climates although it ma}'' be serious an3nvhere. It 
was more important than any other one disease in 
our own Civil War (38), In the Spanish War 
there were more than tudee as man^^ cases of diar- 
rheal disease admitted to hospital than there were 
typhoid, yet the deaths from the latter were nearl}^ 
ten times those of diarrheal diseases. In World 
War I, as previously stated, diarrheal disease 
dropped to the lowest level in history, while ty- 
phoid fever had risen appreciably from the low 
attained followdng compulsory vaccination in 1911. 
Ordinarily we anticipate a simultaneous increase 
in diarrheal diseases and t 3 ^phoid fever as both ordi- 
nary* present the same epidemiological picture. 
The reverse was true in World War I. T^i^hoid 
plus parat 3 T>hoid and dysenterj’’ both bacillary and 
amebic increased together in 1916 in the mobiliza- 
tion on the Mexican Border prior to this \\^ar. 
During this war t^^hoid rates were higher than 
those reached immediately following compulsot}" 
immunization but were onty approximately a tenth 
of the rate preceding its use. From 1920 to 1939 
both typhoid and the diarrheal disease rates, except 
for an epidemic of 22 cases of tj^hoid in 1931, re- 
mained at levels appredabl}’' below those existing 
prior to 1916, and tj’phoid even with the mobiliza- 
tion « of the present emergency" has been so infre- 
quent that the rates are insignificant (39). 


Diarrheal disease on the other hand, reaching its 
lowest point in the histor 3 ' of our Army in 1919, 
maintained a very’’ low level until about 1930, at 
appro.ximately 12 to 14 per thousand per annum. 
In 1930 the rate increased to about 20 where it con- 
tinued until 1939. In this y’ear there was con- 
si(;lerable activity of troops in the field increasing 
rapidl}* in 1940 and 1941, such increase being 
paralleled by the increase in the diarrheal disease 
rate until in 1941 it was practically 50 per thousand 
per annum, a rate at the level of 1905 and only ex- 
ceeded from 1905 to 1941 the sharp rise of the 
1916 epidemic on the border. Figure 1 shows both 
t 3 phoid and diarrheal disease for the period start- 
ing witli 1900. Included in the diarrheal disease 
group are the diagnoses grouped together under the 
same basic number in the reports of the Office of the 
Surgeon General. These include diarrhea cause 
not specified, acute gastritis and enteritis, colitis 
and other enteritis, and d 3 ^senter 3 \ The t 3 "phoid 
rates include parat 3 q)hoid beginning with the 3 'Car 
1912 but except for the sharp rise of 1916 and 
throughout the first World War, parat\'phoid has 
not influenced rates significant. 

Figure 2 illustrates the admission rates for diar- 
rheal diseases from 1900 to 1941 and the specific 
diagnoses, d 3 ^senter 3 ", amebic, and d 3 'senter 3 % bacil- 
lai 3 ^ The second line from the top represents 
diarrhea and enteritis while the specificall 3 ^ diag- 
nosed diarrheal diseases are represented b 3 - the 
narrow space between the two upper lines. It ap- 
peal^ obvious that onl 3 " an inappredable number of 
diarrheal diseases are specificaiW diagnosed. 

Specific diagnoses were first shown in the Sur- 
geon General’s Report in 1905. It will be noted 
that up to and including 1916 the diagnosis of 
amebic disease follows the trend of the main curve 
while the bacillar 3 '’ curve bears no relation to it. 
The sharp jump in amebic disease in 1920 was due 
to erroneous diagnosis, an enlisted technician’s 
word being accepted for the presence of Endamcba 
histolytica when in fact he was so diagnosing mac- 
rophages containing red corpuscles. The sharp 
drop in bacillar3" dysentery should have been a rise, 
and amebic disease should have shown no fluctua- 
tion from its ordinaiy level. As a result of the 
publication in 1922-24 (40, 41, 42) of papers em- 
phasizing the happenings of the immediate^' pre- 
ceding 3 "ears, especially in publications reaching 
medical officers, reported incidence of bacillar 3 ^ 
dysenter 3 " for the first time rose above that of 
amebic infection. The peaks in the bacillary' 
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group in 1927, 1930 and 1935 were each caused by 
epidemics in troops in the field under field sanitar}’' 
conditions. It will be noted that diagnosis ap- 
peared to be slipping again about 1935 and even in 
1941 an insignificant number of positive specific 
diagnoses were being recorded. 

It does not appear that such lack of proper diag- 
nosis is necessary. The determination of whether 


an inflammatoty disease of the colon exists is a 
matter requiring but a few minutes. An applica- 
tor stick or a loop to obtain material from the stool, 
a glass slide and a little dye, and an examination 
lasting one or two minutes under the microscope 
will difterentiate infiammator}' from non-infiamma- 
tory lesions. Treatment can be instituted at once 
and proper measures taken to prevent further 
spread of the condition. Where considerable num- 


bers of cases are involved, positive bacteriological 
diagnosis of a few to indicate the probable type 
involved is all that is necessary, and in advanced 
stations away from suitable laboratories the diag- 
nosis of dysentery can be made without bacterio- 
logical diagnosis as it was throughout all the years 
prior to the discovery of the organisms. I have 
not mentioned the clinical diagnosis without the 


microscopic examination.. This sufiiced until the 
present centuo'. It still can be utilized with ad- 
vantage, but clinicians are reluctant in the absence 
of a positive laboratoiy' report to make a diagnosis 
of bacillar>’‘ dysentery'. Within the last few 
months in an epidemic of several hundred cases of 
diarrheal disease ha\nng the clinical picture of mild 
bacillar}' dysenter}', in spite of positive laboratory" 
findings of an organism of the Shigella group, in 
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spite of the presence of microscopic pus and leuko- 
cytes in the stool, the clinicians %vcrc reluctant to 
diagnose it as bacillar>" dyscntcty because there was 
no pus or blood visible to the naked eye. 

It is earnest!}' recommended that in the study of 
diarrheal disease and in its diagnosis, whatever may 
be the indication, that the stool should be examined 
(1) for the presence of exudate, (2) for the character 


proper position as no important part of diarrheal 
disease incidence. 

SUmiARY AKD CONCLUSIONS 

1, In the past 40 j^cars while it has been possible 
to differentiate the various causes of diarrheal dis- 
ease, this has not been done. As a result available 
data indicate their prevalence only when all diagno- 
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of the exudate, (3) for the presence of protozoan or 
other parasites, and (4) bacteriologically for the 
causative organism. The doing of any one of this 
group without the others leads to a false picture of 
the condition present and has made our statistical 
data essentially worthless. If this program were 
followed, I believe that the diagnosed cases would 
assume their appropriate position on the chart 
and that common diarrhea would also assume its 


ses, diarrhea, dysenter}% gastroenteritis and entero- 
colitis, are grouped under one heading. 

2. An inappreciable proportion of actual bacil- 
lary dysenter}’’ is so diagnosed but amebic dysen- 
tery is diagnosed in a much larger proportion of the 
total cases. 

3. The use of improvised sanitar>' installations 
for the disposal of human waste by troops requires 
an excellence of sanitar}' discipline difficult to 
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attain, while the use of unsanitary installations for 
the same purpose in civil life produces a seedbed 
which maintains high endemicity dnd forms the 
opportunity for epidemics to occur. 

4. Typhoid and dysentery ordinarily increase 
under the same unsanitary conditions as is proven 
by past experience in armies. In the present war 
typhoid vaccine appears to have controlled the 
incidence of this disease, while bacillary dysentery 
for which no immunization has been developed has 
risen in troops to heights equal to those of 20 
years ago. 
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INTRODUCTION 

Our interest in this problem stemmed from two 
main sources: 

(1) The geography of disease is coming to be 
an increasingly important subject and it was felt 
that a comparison of meningitis on the Isthmus 
of Panama with meningitis elsewhere might be 
valuable. 

(2) The race"^ incidence of disease in Panama 
is worth}'' of study. It has already been estab- 
lished (1, 2) that the incidence of hypertension 
is much higher in West Indians living on the 
Isthmus of Panama than in Panamanians, It 
was not known whether there were racial dif- 
ferences in other diseases, such as meningitis. 
Certain definitions have been employed in this 

paper. By bacterial meningitis is meant, broadly 
speaking, purulent meningitis, characterized by an 
increased number of neutrophilic leukocytes in the 
spinal fluid and the presence of subarachnoid exu- 
date. It includes meningococcus, pneumococcus, 
streptococcus, staphylococcus, Hemophilus influ- 
enzae meningitis, and, by definition in this paper, 
tubercle bacillus meningitis. It does not include 
lymphocytic choriomeningitis, sjphilitic menin- 
gitis, or hemorrhagic pacchymeningitis. 

By Panamanian is meant a Latin American, 
born in Panama, both of whose parents were born 
in Panama. By a Indian is meant a Negro 
bom in the West Indies of Negro parents, or a 
Negro born in Panama, both of whose parents were 
bom in the West Indies. During the construction 
period of the Panama Canal thousands of negroes 
were imported from the West Indian Islands, espe- 
cially from Jamaica and Barbados, and it is to these 

1 From Uie Board of Health Laborator}% Gorgas Hos- 
pital, Ancon, Canal Zone. 

Read before the Medical Association of the Isthmian 
Canal Zone, September 15, 1942. 

“Lieutenant, Medical Corps, Army of the United 
States (Pathologist). 

’Lieutenant, Medical Corps, United States Naval 
Reserve. 

^In this paper the term race is used colloquiail}% 
meaning a group of people with similar appearance, 
background, customs, and language. 


negroes and their descendants that the term West 
Indian is applied. 

The data for this study were obtained from the 
case records of Gorgas Hospital, Ancon, Canal 
Zone (known until 1927 as Ancon Hospital). All 
cases of purulent meningitis from May, 1904, when 
the hospital was taken over by the United States 
authorities, to January 1, 1942, were included. 
The autopsy reports were taken from the records 
of the Board of Health Laboratoi}^, Gorgas 
Hospital. 

During the period surveyed there were 457,701 
hospital admissions (see table 1). In 524 instances 
the final diagnosis was purulent meningitis; the 
average incidence of purulent meningitis, there- 
fore, was 1.14 per 1,000 hospitals admissions. The 
average number of hospital admissions per year 
was 12,044 and the average number of cases of 
meningitis was 13.8. The number of cases of 
meningitis per year varied from 1 in 1904 to 34 in 
1927, Except for meningococcus meningitis, no 
significant annual variations were noted. Of the 
524 cases, 455 or 86.8 per cent died. Complete 
autopsies, including examination of the head, were 
performed on 346 patients or 66 per cent of the 
total group and 76 per cent of those who died. 

In all our statistical studies two parallel charts 
were constructed: (1) upon the entire group of 524 
cases in which the final diagnoses were made by the 
clinicians, based, of course, almost exclusively upon 
the bacteriologic findings, and (2) upon the autopsy 
series of 346 cases in which the diagnosis was made 
by the pathologist. No significant dififerences were 
found, in any respect, between these two series. 
For this reason wc regard the clinical diagnoses on 
the 180 patients upon whom autopsies were not 
performed as thoroughly reliable and therefore 
have presented the data on the total of 524 cases. 

THE DATA 
Types of meningitis 

The types of meningitis and their percentages 
are recorded in table 2 and compared with statistics 
from New York, Chicago, and New Orleans. The 
New York statistics were compiled by Neal (3) and 
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represent cases whicli ^'occurred in or near New 
York City between the 3 'ears 1910 and 1940’^ (4)» 
The New Orleans series was reported b}’’ Tripoli (5) 


pital from January 1, 1937 to Februar^^ 1, 1940; 
this series includes 18 cases of h^mphocj’tic chorio- 
meningitis listed in Table II under ''all others.” 


TABLE 1 


Incidence of hackriol 7ncningitis 1904^-1941 among admissions io Gorgas Hospital 


VEAU 

gorgas 

nOSR, AD- 
MISSIONS 

TUBER- 

CLE 

BACILLUS 



STREBTO- 

cocevs 

STAPHY- 

LOCOC- 

CUS 

H. 

tNELU- 

ENZAE 

ALL 

OTHERS 

TOTAL 

XO. PER 
1,000 AD- 
inssioss 

1904 

1,173 

1 







1 

.85 

1905 

7,570 


2 


2 




4 

.53 

1906 

13,218 


13 

2 

2 



2 

19 

1.44 

1907 

14,237 


5 

S(1) 




3 

16 

1.12 

1908 

15,880 


2 




1 


3 

.19 

1909 

18,960 

2 

1 

2 





5 

.26 

1910 

20,491 

4 

2 

1 

2 



2 

11 

.54 

1911 

15,344 

2 

3 





1 

6 

.39 

19J2 

14,494 

2 

10 

3 

2 

1 



18 

1,24 

1913 ! 

15,280 ! 

2 


4(2) 




3 

9 

.59 

1914 ! 

15,425 

3 

4 

1 




1 

9 

.58 

1915 

10,652 i 

6 

2 

3(1) 

2 


1 


13 j 

1.22 

1916 

9,116 

3 

3 ' 

1(1) ! 

1 

1 

i 

1 

S 

.88 

. 1917 1 

10,880 

3 

I 1 

5(1) 

1 



1 

10 

1 .92 

191S 

12.153 

9 

4 

9(7) 

4 



1 

27 

2.23 

1919 

10,503 

7 

2 

4(1) 

4 



1 

IS 

1.72 

1920 

9,783 

5 

3 

‘ 4 ] 

1 

2 


1 

16 

1.61 

1921 

8,146 

4 

3 

1(1) 

1 




: 9 

1. 10 

1922 

6,243 

! 2 

1 




1 

3 

8 

1.2S 

1923 

6,343 


1 

1 

1 


1 

4 

8 

1.26 

1924 

i 7,451 

4 

1 


1 



3 

9 

1.20 

1925 

! 8,125 

4 

2 

1(1) 

3 




10 

1.23 

1926 

7,525 

5 

2 

4(2) 




1 

12 

1.60 

1927 

9,026 

6 

4 

19(11) 

2 



2 

34 

3.76 

1928 

1 12,089 

5 

4 

7(2) 

■■ 



3 

21 

1.74 

1929 

11,535 

8 

2 

10(7) 


1 

1 


23 

2.00 

1930 

12,005 

4 

1 

4 

■■ 



2 

12 

1.00 

1931 

1 12,239 

7 


6(1) 


■■ 


2 

16 

1.31 

1932 

11,330 

10 

7 

1(1) 

3 

■■ 


1 

23 

2.04 

1933 

11,621 

7 

3 

1(1) 




1 

12 

1.03 

1934 

9,630 

3 

8 


1 



5 

17 

1.77 

1935 

10,692 

7 

4 

1 

1 

1 

1 

4 

19 

1.78 

1936 

12,131 

4 

3 

4(2) 



1 

4 

18 

1.48 

1937 

13,217 

3 


2(1) 


■1 

1 

4 

11 

.83 

1938 

12,679 

8 

6 

4 



3 

1 

22 

1.74 

1939 

12,060 

7 

3 


2 


1 

2 

15 

1.24 

1940 

20,964 

5 

4 

2(1) 

1 


3 


15 

.72 

1941 

27,491 

5 

4 

4 


2 


2 

17 

.62 

Total 

457,701 

157 

120 

119(45) 

38 

15 

14 

61 

524 

1.14 

Yr. av 

12,045 







■ 

13.8 



* Figures in parentheses indicate patients with meningococcus meningitis who were transic its. 


from the Charity Hospital in New Orleans and 
covers the ten 3 ^ear period between 1925 and 1934. 
The Chicago series was collected hy Rhoads and 
others (6) from admissions to Cook County Hos- 


Racial incidence of meningitis 
Data are provided in tables 3 and 4. From ta- 
ble 3 it will be seen that of ail patients upon whom 
autopsies were performed at the Board of Health 
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Laboratoty, there were five times as many West 
Indians as Panamanians and six times as many 
West Indians as United States citizens. Never- 
theless, there were only two to two and one-half 
times as many West Indians as Panamanians with 
meningitis. Table 4 reveals that there were only 
twice as many West Indians with tubercle bacillus 
and pneumococcus meningitis as Panamanians. 


both sexes were found, but could be explained by 
the sex. distribution of the population. For exam- 
ple, among the United States citizens vdth menin- 
gitis the ratio was 11 males to each female, an 
expression of the presence of a large soldier popu- 
lation and the fact that many patients came from 
army transports. In the native population the 
ratio of males to females was 2:1. 


TABLE 2 


Incidence of types of bacterial vieningitis 


^ TYPE OF MENINGITIS 

ISTHMUS OF PANAMA, 
GORGAS HOSPITAL 

NEW YORK 

1 

CHICAGO, COOK COUNTY 
HOSPITAL j 

NEW ORLEANS, CHARITY 
HOSPITAL 




Per cent of 

total 




Per cent of 
total 

Tubercle bacillus 

157 

29.9 

1045 

27.6 

158 

34.4 

51 

10.9 

Pneumococcus 

120 

22.9 

316 

8.4 j 

71 

15.5 

111 

! 23.7 

Meningococcus 

119(45)* 

22.7 

1638 

43.3 1 

105 

22.9 

221 

57.2 

Streptococcus 

38 

7.2 

323 

8.5 1 

42 

9.1 

24 

5.1 

Staph 3 dococcus 

15 ' 

2.9 

43 

1.2 1 

3 

0.7 

9 

1 1.9 

H. influenzae 

14 

2.7 

197 

5.2 ; 

29 

6.3 

20 

I 4.3 

All others 1 

61 

, 11.7 1 

218 

5.8 

51 

11.1 

32 

6.9 

t _ 


524 

100 

3780 

100 

459 

100 

468 

100 


* Number of transients. 


TABLE 3 
Race distribution 



CASES OF MENINGITIS (TOTAL 
GROUP OF 524 cases) 

1 

CASES OF MENINGITIS (AUTOPSY 

CROUP OF 346 cases) 

total autopsies done at 

BOARD OF HEALTH LABORATORY 

1904-1942* 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

West Indians 

227 

43.3 

181 

52.3 

7,606 

64.6 

Panamanians 

97 

18.5 

60 

17.3 ‘ 

1,442 

12.3 

U. S. A 

88 

16.8 

39 

11.3 

1,236 

10.5 

Other Groups 

112 

21.4 

66 

19.1 

1,488 

12.6 

Total ; . . 

524 1 

100 

346 

100 

11,772 

100 


* Note: During the period 1904-1942 a total of 13,096 autopsies were done. If stillbirtlis and those cases in 
which information concerning race are excluded, 11,772 autopsies remain. 


Among the patients with meningoboccus menin- 
gitis the ratio of West Indians to Panamanians was 
5:1, the c.xpected ratio. A striking finding was 
the presence of four times as much H. influenzae 
meningitis in the vety much smaller group of Pana- 
manians as in the larger group of West Indians. 

Sex 

Seventy per cent of the patients were males, but 
appro.ximatcly 75 per cent of the hospital popula- 
tion has been male. Significant differences in the 
distribution of the various tj'pes of meningitis in 


Age 

In tables 5 and 6 are recorded the age and race 
distribution of the patients with the various types 
of meningitis. Most of the Panamanians with 
meningitis were under 5 years. The age distribu- 
tion among West Indians was more generalized. 
3fost of the United States citizens were young 
soldiers between 18 and 25 years. Fifty per cent 
of the patients with meningococcus meningitis were 
between the ages of 16 and 25 years. Among the 
patients with tubercle bacillus meningitis 60 per 
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cent were 5 years of age or less. Of the 14 patients 
with n. ivjiuctmc meningitis 9 were under the 
age of 2 years. 

Death rates 

All patients with tubercle bacillus, pneumococ- 
cus, and stai^hylococcus meningitis died. Ninety- 


five per cent of those with streptococcus meningitis 
died (2 patients in 38 survived). Eighty-five per 
cent of those with II. influenzae meningitis died (2 
patients out of 13 recovered). The sulfonamides 
were not used in treating the patients with strepto- 
coccus meningitis and II. influenzae meningitis who 
recovered. Of the patients with meningococcus 


TABLE 4 


Race incidence of fnenin^ilh* 


SPEcinc TVPE or 

UE:aNGlTlS 

1 

! 

i 

1 TOTAt 
j KUlt- 

' UER or 

' CASES 

1 

WEST INDIANS (cases OF UCSIS* 

ems— 227) 

PANAltAN'JANS (CASES Of 
/.veins— 97) 

UNXTEP STATES fo^SES OF 
ifENTNCtTrS—SS) 

No. of 
cases of 
sped fie 
type of 
menin- 
?ritis 

Per cent 
of West 
Indians 

Per cent of 
specific 
type of 
meningitis 

No. of 
cases of 
specific 
type of 
menin- 
gitis 

Per cent 
of Pana- 
manians 

Percent of 
specific 
type of 
mcmngiiU 

Xo. of 
leases of 
specific 
type of 
menin- 
gitis 

Per cent 
of p. S. 
citirens 

Per cent of 
specific 
l>7>e of^ 
meningitis 

Tubercle bacillus. . , 

157 

72 

31.7 


38 

39,2 

24.2 

6 

6.8 

3.8 




(724-227) 

(72^157) 


(384-97) 

(38-5-157) 


(64-88) 

(6-5-157) 

Pneumococcus 

120 

60 ; 

26.4 

50.0 

31 

32.0 

25.8 

7 

7.9 

5.8 



1 

(604-227)^ 

(604-120); 

i 

(314-97) 

(31-5-120) 


(7-5-88) 

(7-M20) 

hleningococcus 

119 

' 29 ; 

12.8 , 

24.4 ; 

6 

6.2 

5.0 

58 

66.0 

48.7 


1 


(294-227): 

(29-M19): 


(6-^97) 

(6-5-119) 


(58-5-88) 

1(58-5-119) 

Streptococcus 

38 

24 : 

10.6 

63.1 , 

4 

4.1 i 

10.5 1 

2 , 

2.3 

5.3 




(24-^227)! 

(244-38) 


(4-5-97) 

(4-^3S) 


(2-5-88) 

1 (2-^38) 

Staph jdococcus 

15 

<5 

2.6 

40.0 

1 

1.0 

6.7 

5 

5.7 

33.3 




(64-227) 

(6- IS) 


' (1-5-97) 

(I-M5) 

I 

(5-5-88) 

(5-5-15) 

IS. influenzae 

14 

2 

0.9 

1 14.3 

S 

1 8.2 

1 57.1 

1 

1 

7.1 


( 

1 

1 

(24-227) 

1 (2-14) 


(8^97) 

(8-5-14) 


(1-5-SS) 

(1-5-14) 

All others 

1 

34 

15.0 

! 55.5 

9 

9.3 

14.8 

9 

10.2 

14.8 




(34-i-227) 

1 

(34-5-61) 


(9^97) 

(9-5-61) 


(9-5-88) 

(9-5-61) 

Total 

; 524 

227 

100 


97 

100 


SS 

100 



*In this table, data on “Other Groups meaning patients of mixed “race/* various Latin American peoples 
and representatives of a score of countries, have been united for purposes of simpIiScation, 


TABLE 5 


Bacterial menwgitis: distrihulion by racial groups and 
age 


AGE 

PANA- 

MANI- 

ANS 

WEST 

INDIANS 

i 

U. s. A. i 

OTHER 1 
CROUPS j 

TOTAL 

0-5 

62 

74 

6 1 

47 i 

189 

6-10 

s 

'9 1 

3 

11 

31 

11-15 

2 

6 

3 

8 i 

19 

16-20 

4 

14 

25 

4. i 

47 

21-25 

6 

28 

29 

13 

76 

26-30 i 

5 

21 

7 

S 

41 

31-40 


29 

6 

6 

4S 

41-50 

0 

20 

4 

3 

27 

Over 50 

1 

18 

3 

1 

23 

Not stated 

2 

S 

2 


23 

Total i 

97 

227 

88 

112 

524 


meningitis 52 per cent died. The death rate foi 
the United States citizens with meningococcus 
meningitis was 43 per cent and for West Indians, 
80 per cent. 

DISCUSSION 
General comment 

A consideration of the foregoing data suggests 
that bacterial meningitis is not rare in the tropics 
if the Isthmus of Panama can be used as a criterion. 
The high mortality of this group of diseases makes 
meningitis as serious a problem on the Isthmus of 
Panama as in some urban centers of the United 
States. The tj^pes of meningitis seen on the Isth- 
mus of Panama are essentially similar to those in 
the United States, but the proportions yar>’“ con^ 
siderably. 
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* Tithcrclc bacillus vicniiigilis 

Tuberculosis ranks first as a cause of death in the 
Republic of Panama (7). The high incidence of 
tubercle bacillus meningitis reflects the high gen- 
eral incidence of tuberculosis. As more attention 
is paid to the problem of tuberculosis in the Re- 
public of Panama, a decrease in this type of menin- 
gitis may be anticipated. 

Pneu mococcus men i ngi tis 

It will be observed (table 2) that the relative 
incidence of pneumococcus meningitis is much 
higher on the Isthmus of Panama than in New 
York or Chicago, but the same as that in New 
Orleans. In 207 consecutive autopsies performed 
at the United Fruit Company .Hospital at Tela, 


cago. Further study of the geography of pneumo- 
coccus meningitis might be enlightening. 

T 3 ^ping of the pneumococci was accomplished in 
41 instances. The following types were recorded: 
Type I, 6 cases; Type II, 6 cases; Type III, 9 cases; 
Type X, 1 case; T^’pe XII, 2 cases; T>pe XXIII, 1 
case; T>pe XXIV, 1 case. Fifteen cases were 
included in the old Type IV. 

Meningococcus meningitis 

The relative incidence of meningococcus menin- 
gitis on the Isthmus of Panama is half that of New 
York and New Orleans. This fact is especially 
striking if we realize that of the 119 cases included 
in tables 1 and 2, 45, or 38 per cent, were transients 
(indicated by parentheses in table 1). By “tran- 


TABLE 6 


Bacterial meningitis: distribution by type and age 


ACE 

1 

TUBERCEE j 
BAOLEUS 

i 1 

PNEUMO* 
COCCUS j 

MENINGO- 

COCCUS 

STREPTO- 

COCCUS 

STAPH YtO- 
COCCUS 1 

H. INFLU- 
ENZAE ; 

ALL OTHERS 

TOTAL 

0-5 

1 

' 92 

38 

18 


3 

■■ 

21 

189 

6-10 

19 

1 

5 


0 

Mm 

3 

3T 

11-15 

4 

3 

5 


2 


4 

19 

16-20 

7 

7 

27 

1 

1 


4 

47 

21-25 

11 

■■ 

34 


2 


9 

76 

26-30 

• 12 

Mm 

S 


1 

1 

4 

41 

31-40 

9 

■9 

6 


2 

1 

4 

' 48 

41-50 

2 

■■ 

1 

4 

4 


6 

' 27 

Over 50 

0 i 

11 j 

3 

2 

0 

1 

6 

' 23 

Not stated 

1 1 

9 

12 

1 

0 


0 

' 23 

Total 

157 i 

120 1 

119 

38 

15 

14 

61 

524 

1 


Honduras, from November 1922 to December 1925, 
Clark (8) encountered 32 or 15.4 per cent patients 
with meningitis. There were 27 cases of pneumo- 
coccus meningitis, 2 cases of tubercle bacillus 
meningitis, and one each of streptococcus, staphj^- 
lococcus, and mixed meningitis. The large num- 
ber of patients with lobar pneumonia treated at 
that hospital was responsible for the high incidence 
of this t 3 pe of meningitis. A similar situation pre- 
vailed on the Isthmus of Panama during 1906 and 
1912 (see table 1). 

The morbidity and mortalit\^ from the pneumo- 
coccal diseases are generally considered to be high- 
est in northern or temperate climates featured b}’ 
inclement weather. Yet the relative incidence of 
pneumococcus meningitis is higher in New Orleans, 
Panama, and Honduras than in New York or Chi- 


sients” we mean those who developed meningitis 
before arrival on the Isthmus or within ten da^'s 
after arrival. Most of these were soldiers from 
transports. The high rate in 1927 is a reflection of 
the epidemics of meningococcus meningitis in army 
camps in the United States in 1927 (9). The 
annual incidence suggests (see table 1), however, 
that this disease may be endemic in Panama. 
Contact with transients may play a more impor- 
tant role than is recognized, and it is interesting to 
speculate whether meningococcus meningitis would 
survive on the Isthmus if outside contacts ceased. 

Streptococcus meningitis 

The uniformity of the percentages of strepto- 
coccus meningitis in the various localities (tabic 2) 
is worth}- of note. It is the impression of the 
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senior author that the streptococcus diseases, or 
the diseases considered by many as associated with 
the streptococcus, e.g., puerperal sepsis, septic sore 
throat, scarlet fever, and rheumatic fever, have a 
lower morbidity and a lower mortality on the 
Isthmus of Panama than in the United States. 
This impression is not confirmed in regard to 
streptococcus meningitis, at least. 

Hemophilus iujiucuzac meningitis 

The isolation of the responsible organism of this 
t3’pe of meningitis has been more successful in 
recent years than previous!}’. Fothergill (10) has 
pointed out that during the period from 1933 to 
1936 H, influenzae meningitis was the type most 
frequently seen in the Children's Hospital in Bos- 
ton. Although the series is small, the presence of 8 
of our 14 cases of //. influenzae meningitis in the 
smaller group of Panamanians, as compared to 2 
cases in the much larger group of West Indians, is 
noteworthy, but no explanation is forthcoming. 
On the Isthmus of Panama, as elsewhere, H, influ- 
aizac meningitis is primarily a disease of young 
children, generally under the age of 2 years. 

Race incidence 

The variations in the race incidence of menin- 
gitis must be interpreted in the light of the unusual 
population groups seen at Gorgas Hospital. The 
United States citizens are composed essentiall}’ of 
two main groups, 1) **Gold” (white) employees of 
The Panama Canal and their families, 2) soldiers 
from the many army posts. The health of both 
groups is excellent and not comparable with that 
of the general civilian population in the United 
States. The only type of meningitis which is at all 
prevalent is meningococcus meningitis. It is to be 
expected that the incidence of the other t}’pes of 
meningitis would be low in this “race” group. 

The West Indian and Panamanian populations 
resemble, to a much greater extent, general popula- 
tions elsewhere and may be compared with each 
other. It will be obser\"ed in table 3 that in the 
autopsy population at the Board of Health Labo- 
rator}" there are five times as many West Indians 
as Panamanians. We feel that this figure truh^ 
represents the ratio of the two race groups as seen 
at Gorgas Hospital. Nevertheless, there are only 
two to two and one-half times as much meningitis 
among the West Indians as among the Panama- 
nians. AMiile complete reliance upon the statistics 
is not justifiable, the impression that there is more 


meningitis among Panamanians than West Indians 
is inescapable. As will be noted in table 5, the 
presence of much meningitis in Panamanian chil- 
dren under the age of 5 years is responsible to a 
great extent for the high incidence in Panamanians. 
Whether “racial susceptibility/^ poorer housing 
conditions, poorer nutritional states, or other fac- 
tors are responsible, is not clear. The predomi- 
nance of //. influenzae meningitis in Panamanians 
has already been mentioned. 

smiMAKY 

L In 457,701 admissions to Gorgas Hospital 
from Alay 1904 to December 31, 1941, there were 
524 cases of bacterial meningitis, ,the incidence 
being 1.14 per 1,000 admissions. 

2. Of the 524 cases, 157 or 29.9 per cent were 
caused by the tubercle bacillus, 120 or 22.9 per cent 
by the pneumococcus, 119 or 22.7 per cent by the 
meningococcus, 38 or 7.2 per cent by the strepto- 
coccus, 15 or 2.9 per cent by the staphylococcus, 14 
or 2.7 per cent b}^ influenzae^ and 61 or 11.7 
per cent by other or mixed organisms. 

3. The relative incidence of pneumococcus men- 
ingitis on the Isthmus of Panama is higher than 
that in series from New York and Chicago, but tlie 
same as in New Orleans, The relative incidence of 
meningococcus meningitis on the Isthmus of Pan- 
ama is half of that in series reported from New 
York and New Orleans; the incidence is somewhat 
less than in Chicago if transients are e.xcluded from 
the Panama series. 

4. The impression is gathered that Panamanians 
are more susceptible to meningitis than West In- 
dians. The incidence of meningitis in Panamanian 
children, especially H. influenzae meningitis, is re- 
markably high. 

5. The death rate for all cases of meningitis was 
86.8 per cent. All patients with tubercle bacillus, 
pneumococcus, and staphylococcus meningitis 
died. Two out of 38 patients (5 per cent) with 
streptococcus meningitis, and 2 of 13 (15 per cent) 
with H. influenzae meningitis recovered. Half of 
the patients with meningococcus meningitis died. 
The death rate of patients with meningococcus 
meningitis was about twice as high in West Indians 
as in whites. 
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The preferential blood supply of mosquitoes has 
been the subject of much speculation because of the 
direct relation it bears to the biological ability of a 
species to act as a vector of a disease. Observa- 
tions on the blood feeding habits of mosquitoes 
have been recorded by a number of persons. Le 
Prince and Orenstein (1), (1916) observed that in 
Panama horses were more attractive to Anopheles 
alhimanns than were men. Earle and Howard (2), 
(1936) found that this species in Puerto Rico 
exhibited a marked preference for horses and oxen 
over man, with pigs and goats about equalling man 
in attractiveness. 

The determination of blood meal b}'' the ring 
precipitin’ test as advanced by King and Bull (3), 
enables observers to determine with a high degree 
of accuracy the source of blood of engorged females, 
which reflects the preferential feeding habits of a 
species. They were also able to show that a rela- 
tively small percentage of female Anopheles quad- 
rimaciilatus feeding on man could maintain mala- 
ria at a high level in a communit3^ By utilizing 
this method Davis and Shannon (1928) (4), were 
able to demonstrate that in Northern Argentina 
where Anopheles pseudo punctipennis is a serious 
vector of malaria, the frequency with which the 
species fed on man as compared with other animals 
was as high as 50 per cent. In Central America 
and in North America this species is of little impor- 
tance as a vector of malaria, possibly because of 
differences in its selection of its blood hosts. Other 
species of mosquitoes elsewhere arc known to be 
important vectors in some localities and unimpor- 
tant in others. This situation led to the realiza- 
tion of the existence of races or biological varieties 
within certain groups of mosquitoes that had pre- 
viously been regarded as being one species (5). 
The extent of such variations has not been com- 
plctcl}’' determined, and the premise that variations 
not yet recognized ma}' account for corresponding 

^Thc expressions contained in this paper are the 
private ones of tlic author and arc not intended to 
represent official vic^^*s of tlic Nav\’ Department. 

- Lieutenant Commander, U.S.N.R. 


variations in malaria transmission b}' an accepted 
species can not be disregarded. 

In malaria control in Eastern Puerto Rico it was 
desired to determine the relative attractiveness of 
man and of horse for Anopheles alhimanns for sev- 
eral reasons. The observations by Earle and 
Howard (2), were not made primarily in the par- 
ticular area with which this report deals. The 
South shore of the island where many of their 
observations were made represents climatic and 
meteorological conditions considerably different 
from those in the area concerned. It was con- 
sidered that obsen^ations particularly applicable 
to the area were desirable. Because of the diffi- 
culty of securing recently engorged female Anophe- 
les alhimanns in nature, the ring precipitin test 
could not be used as an indicator of the blood feed- 
ing habits of this species in this area. Moreover, 
it was also desired to use standardized human bait 
collections for determining periodically the xinophe- 
Ics alhimanns density within areas under control for 
comparison with the same in uncontrolled areas. 
In some countries this method is convenient and 
reliable (6, 7). However, befgre it could be prac- 
ticed as a means of collecting Anopheles alhimanns 
it was necessary to ascertain its reliability. These 
observations were therefore undertaken. 

PROCEDURE 

A land-lock fresh water pond was discovered to 
be producing Anopheles alhimanns abundantly. 
Two Magoon type animal bait traps (8), were lo- 
cated 100 feet apart about 200 feet from the pond, 
in such manner that neither would occupy a more 
favorable position than the other. In one of the 
traps a cot with bedding and mosquito netting was 
fitted so that a man might occupy the trap over- 
night without being exposed to the bites of mos- 
quitoes entering the trap. For twenty nights this 
trap was occupied by a man. The other trap was 
occupied by a horse at the same time. Ten dif- 
ferent men and six different horses were used in the 
obscr\'ations. Each man occupied the cage trap 
at least two nights in succession, and each horse 
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occupied the horse trap two nights, but changes of 
men and of horses were made on alternate nights 
so that the attraction offered by a horse could be 
compared with that offered by not only one man 
but two or more as a means of equalizing individual 
variations in attractiveness of any particular man 
or horse. By this arrangement the attractiveness 
of three horses each could be compared with that 
of four different men, and three other horses with 
two different men. Six of the men engaged were 
white, three of which were continentals, two were 
mulattoes and two black. Horses of different 
colors were also used. 

The man and the horse selected to occupy the 
traps entered simultaneously at 5:00 P.M. Each 
cage was then locked until 7 :00 A. hi, of the follow- 
ing morning, when both were released from their 
respective traps. Mosquitoes present inside of the 
traps were collected immediately and brought to 
the laboratoo^ for identification. Obsen^ations 
were begun on March 1, 1943, and terminated on 
the morning of March 31, 1943, though no observ^a- 
tions were made on seven of the inter\'cning nights. 

On the last two nights of the experiment, an at- 
tempt was made to detennine the comparative 
attractiveness of horse and cow. However, the 
area in which the experiment was being conducted 
had been populated by personnel to whom it was 
desired to give as much protection against malaria 
as possible. A channel connecting the pond with 
the sea was therefore constructed and the salinit\' 
of the pond water increased from 15 per cent to 
100 per cent of sea water concentration. After 
this time production of albimaiuis in the pond 
ceased completely. Collections of adults after 
increasing the salinity of the water declined rapidly 
until at the time of the experiment witli the cow 
the numbers were too few on which to base com- 
parisons. However, cows are employed satisfac- 
torily as bait elsewhere in Puerto Rico. 

RESULTS 

Collections of Anopheles albimanus made in this 
experiment arc summarized in table I , from which 
it wqll be seen that throughout the experiment a 
total of 123 albimamts were collected after cntiy 
into the trap occupied b}' man and 2791 in the trap 
occupied by horse during the satnc time. This 
repre.^cnts a ratio of 1 to 22 in favor of the horse. 
The maximum number entering the man-trap per 
night was 19, as compared with 364 for the horse 
trap; a ratio of 1 to 19. The greatest difference in 


attractiveness observed occurred on the night of 
Marcli 2, or in the collections made the mpming of 
March 3, when the ratio was 1 for man to 285 for 
horse. In considering the mean number per catch, 
6.1 for man and 126,9 for horse the ratio is 1 to 21. 
Another comparison of the rate of ento" of the spe- 
cies into the two traps is shown by comparing the 
percentages of the total that were collected in each 
trap. In the man ttap 4.3 per cent of tire total 
were captured, and in the horse trap 95.7. Again 
this shows a ratio of i to 22. A consideration of 
the percentages of total albmanus captured in each 
trap on each night is indicative of the consistency 
witli which the species entered the horse trap in 
preference to the man trap. Except for the last 
few nights of the experiment when the numbers col- 
lected were too few to afford reliable comparisons, 
the highest percentage of the total taken in the 
man trap was 11, on the morning of IMarch 11. 
Each night except three the collections in the horse 
trap were 90 per cent or more of the total collected 
during the night. Two of the three nights when 
collections in the hoi^e trap were few were near the 
end of the experiment when the numbers collected 
were so low as not to afford reliable expressions. 

Considerable variations appear in the numbers of 
mosquitoes collected during the different nights in 
both horse trap and m man trap. However, the 
most pronounced variation is the diminution in 
numbers collected per night from the beginning to 
the end of the c,xperimcnt. This condition is con- 
sidered to be a result of the cessation of mosquito 
production in the pond after increasing its salinity 
ill the middle of March b}" connecting it with the 
sea. During the experiment notations were made 
or gross weather conditions and records made of the 
outstanding features that characterized the 
weather during the period of obser\’ations. The 
condiiions of weather during the period do not 
seem to influence greatly the cntr>’ of the species 
into the trap nor to influence the ratio of numbers 
entering the two traps. Certain individual varia- 
tions however, arc apparent. Because of the 
decreasing numbers cncounterc<l per night from 
the beginning to the end of the obser\Mtions tabic 1 
is not truly indicative of variations in individual 
attractiveness, which is shown in table 2. 

Table 2 is based on the percentages of the total 
Anopheles albiwanus entering the two traps on the 
nights that each indwidual served as bail, that 
were found in the trap occupied by the individual. 

It is seen that each horse attracted more than 90 
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Compnralive altraclkeness of humans and horses per Anopheles albtmanus 
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(W)— white, (M)-~mulatto, (N)— negro. 
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per cent of the total for the two traps. The varia- 
tion in individual attractiveness of different horses 
based on this analysis is from 91 per cent to 99 
per cent of the total Ho^Yever, there does not 
appear an}^ definite factor, such as color, that might 
account for this variation in individual attractive- 
ness. The two horses with which the highest and 
the lowest percentages were taken were both red 
in color. 

In regard to the variations in the attractiveness 
of different men it is seen that the variation was 

TABLE 2 


Individual offracthencss for Anopludes albimanus* 


HORSE 

PER CENT OF TOTAL' 

A 

97 

B 

99 

C 

93 

D 

91 

E...... 

92 

F ! 

96 

i 

MAX 


A. A. W. 

(W) 

L9 

T. M, H. 

(\V) 

3.2 

G. E. B. 

(W) 

1.9 

P. A. 0. 

(W) 

10.4 

A. 0. C. 
E, R. A. 

(W) 

7.9 

(W). 

2.5 

H. L. P. 

(M) 

5.5 

J. E. L. 
19300 

SI. C. S. 

(M). 

1.4 

(N) 

6.5 

(N) 

30.0 


. 1 . 


Cow j 

93.0 




* Based on the percentages of A7:opJidcs alhhnanus 
collected in both traps on the nights that the individual 
scr\’ed as bait. 

(W)— white, (M)— mulatto, (N)~-negro, 

considerably greater between different men than 
between different horses. The range in percent- 
ages from 1.4 per cent minimum to 30 per cent 
maximum represents a ratio of 1 to 2 L However, 
the maximum of 30 per cent occurred at the end of 
the experiment when the numbers caught were too 
few to offer reliable indications. The next highest 
percentage was 10.4, which is more than seven 
times as great as the minimum of 1.4. Again this 
variation docs not seem to be strongh* associated 
with color. The highest percentage, 30 per cent, 
has already been excluded as pro!)ably not being 
reliable. The next highest, 10.4, and another high 


7.9, u'ere with white men sertdng as bait. One 
mulatto attracted 5.5 per cent of the total on the 
nights he sen’-ed as bait and another mulatto only 
1.4 per cent. Excluding the highest percentage of 
30, which occurred in collections with a negro, the 
other negro sendng as bait attracted 6.5 per cent 
of the total It therefore appears that under the 
conditions of these obsen^ations variations in at- 
tractiveness of different people are individual varia- 
tions, rather than differences in race or color. 

covcxusioxrs 

Based on the obser\’ations described above, 
AnopJ/eJes albmanus in Easteni Puerto Rico ex- 
hibits a marked preference for horses over man in 
its selections of a blood meal The number at- 
tracted to horses was more than twenh' times as 
great as the number attracted to men. 

The attractiveness offered by different horses for 
Anopheles albiman us appears to be more consistent 
than that offered by different men, the individual 
variations between that of different men being 
comparatively high. For this reason horses are 
considered to be more satisfactory^ to use for bait 
than man in measuring the density of the species 
within an area. The employment of the stand- 
ardized human bait catches in this area is therefore 
of little usefulness for this purpose. 
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At this time when there is need for a careful ap- 
praisal of all available amebacides because of their 
extensive use by the armed forces, additional ex- 
perimental and clinical data on such drugs seems ap- 
propriate. When iodochlorhydroxyquinoline (Vio- 
form N.N.R.) was introduced as an amebacide 
it was stated, in summarizing the preliminary 
experimental work that of some eleven halogenated 
hydroxyquinolines this drug appeared the most 
promising for further study, with the possible ex- 
ception of diiodohydroxyquinoline(Diodoquin) (1). 
Since then, Vioform has been used extensively both 
as an amebacide and a trichomonacide (2) and, 
recently, Diodoquin has been recommended for the 
same purposes (3). However, further experimen- 
tal chemotherapeutic studies on Diodoquin appear 
to be lacking except for Tenney (4) report that 
no untoward symptoms developed in dogs given 
oral doses of Diodoquin ranging from *4.0 to 6.0 
grams per day for a period of six days. We wish, 
therefore, to present the results of two compara- 
tive studies made recently on Vioform and Diodo- 
quiu. The first investigation offers data compar- 
ing their toxicity in guinea pigs and kittens. The 
second study was carried out to provide informa- 
tion relative to the absorption and excretion of 
these compounds in the human and comprises a 
determination of the blood iodine values before and 
after administration of these two amebacides. 

ANIiCAU TOXICITY 

Methods. Weighed amounts of the powdered 
drug enclosed in capsules were administered orally 
to the animals. The animal was held and observed 
until all of the several capsules containing the dose 
were swallowed. The guinea pigs weighed from 
300 to 600 grams and were about two months old 
and the kittens weighed from 400 to 900 grams and 
were from six to eight weeks old. Control animals 

* From the Department of Phamiacolog>% University 
of Oregon ilcdical School, Portland, Oregon. Sup- 
ported, in part, by a grant from Ciba Pharmaceutical 
Company, Ind., Summit, New Jersey. 


kept in adjoining cages remained healthy and alive 
during the observation period. Animals dying 
from the effects of the drugs were autopsied and 
specimens taken for histological examination. 

Results. 1. Guinea pigs. The results of the 
toxicity studies on both guinea pigs and kittens are 
shown in table 1. In a previous investigation (5) 
as well as in the present study Vioform was found 
to kill 7 of 10 guinea pigs when given in single oral 
doses of 200 mgm. per kilogram. In doses above 
300 mgm. per kilogram Vioform consistently killed 
a majority of the animals. From these results, the 
LDso for Vioform in the guinea pig is estimated to 
be about 175 mgm. per kilogram. With Diodoquin, 
however, no definite toxic effect at any certain dos- 
age was observed and the lethal dose (LDso) could 
not be established. Small doses (50 and 100 mgm. 
per kilogram) of Diodoquin given to two separate 
groups of five animals killed 4 of the 10 treated pigs 
while larger amounts (up to 2.0 grams per kilo- 
gram) failed to show an expected increase in toxic- 
ity. Although various doses of Diodoquin were 
given to one hundred and forty animals divided 
into sixteen separate groups, it was found that as 
many animals died from the small doses as from 
the larger amounts. The highest toxicity observ'^ed 
for Diodoquin was with a dose of 300 mgm. per 
kilogram which killed 4 of 10 guinea pigs. 

2. Kittens. Vioform killed 2 of 7 kittens given 
a single oral dose of 300 mgm. per kilogram. The 
LDso of Vioform in kittens is probably larger than 
the dose we used but further studies were not done 
because of lack of animals. Although a greater 
number of kittens were given Diodoquin, the re- 
sults were again inconsistent. Doses of 300 and 
500 mgm. per kilogram of Diodoquin killed 2 of 14 
and 2 of 16 animals, respectively, but a dose of 750 
mgm. per kilogram v.’as withstood by seven other 
kittens. 

Histologic postmortem .examination of animals 
dying after single oral doses of Vioform and Diodo- 
quin showed some liver damage. This injuo' ’vvas 
similar to that previously reported for rabbits 
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d^’ing from Viofonn (1) and is of the same type 
as seen with chloroform poisoning. 

IODINE ABSORPTION 

Absorption and excretion of the iodine molecule 
of Viofonn occurs in man since iodine can usually 
be found in the urine after the drug has been taken 


assumed that absorption is possible after oral ad- 
ministration under certain conditions. If absorp- 
tion of Diodoquin occurs, there should be an in- 
crease in the blood iodine. We undertook to in- 
vestigate this possibilit}’' b}^ studying the blood 
iodine changes in healthy human subjects given 
therapeutic doses of either Vioform or Diodoquin. 


TABLE 1 


Oral ioxicity of single doses of vioform and diodcquin in guinea pigs and killcns 



AKUTAL 

PLACE STT7PIED 

POSE 

MOKTAEITY 

TIME or DEATH 

PRVG 

Number 

died 

Number 

used 







days 

Vioform 

Guinea pigs 

California 

200 

7 

10 

4, 4, 4, 5. 5,6,7 




250 

9 

10 

2, 0, 4, 4, 4, 5, 5, 5, 6 



Oregon 

300 

10 

10 

all in 5 




150 

2 

10 

1,3 




175 

5 

s 

6, 6, 6, 9, 17 




200 

7 

10 

3, 3, 4, 4, 4, 4, 4 


Fattens 

Oregon 

250 

1 

8 

20 




300 

0 

7 





350 

2 

7 

22, 24 

Diodoquin 

Guinea pigs 

California 

50 

2 

5 

13, 16 




100 

2 

5 

5, 5 




200 

1 

10 

II 




300 

4 

10 

2, 5, 10, 11 




400 

2 

10 

2, 14 




500 

0 

1 5 





600 

1 

1 10 

11 




1 800 

0 

10 





1,000 

0 

10 




Oregon 

600 

1 

10 

15 




750 

0 

9 





1,000 

0 

10 






1 

10 

10 





2 

7 

4,7 

1 




2 

9 

19,21 





2 


10, 11 


Kittens 

Oregon 


2 

14 

10, 12 





2 

16 

17, 19 


i 



0 

7 



for several dd.ys. For Diodoquin, however, the 
statement has been made that ‘The drug is re- 
covered quantitatively in the stools and even with 
enormous dosage, no absorption takes place” (6). 
Since wc found Diodoquin to be occasionally lethal 
in animals and capable of causing liver damage, wc 


Methods, Blood iodine was determined by Ste- 
vens’ (7) method which wc had found satisfactor>' 
in other studies (8). A blood sample for analysis 
was taken before breakfast the day treatment was 
started and again the day after concluding therapy. 
Diodoquin was given in a dosage of 0.21 grams (I 
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tablet) three times a day for ten days to 8 medical 
students and 2 laboratory workers. Vioform cap- 
sules of 0.25 gram were given three times a day for 
the same period to 9 other male students. Both 
drugs were taken after meals. The total dosage of 
Diodoquin (6.3 grams) for the ten day course was 
less than that of Vioform (7.5 grams). All sub- 


increases from 145.18 to 327,62 micrograms per 
100 cc. of blood in the blood iodine value resulted. 
Most of the subjects noted some gastrointestinal 
discomfort during the time they were taking these 
drugs. None of the complaints, however, were 
severe enough to warrant discontinuing medication 
for more than one or two doses. A number of pa- 


TABLE 2 


Blood iodine changes and symplomaiology follomng trcaimeni mlh vioform and diodoquin 




1 BLOOD IODINE (illCEOGRAMS PER 


I 

pKUG AND DOSAGE j 

PATIENT 


100 cc.) 


SYMPTOMS NOTED 

Normal 

End of 
treatment 

Increase 

Vioform, 0.25 g. 

J. E. S. 

7.42 

152.6 

145.18 

Mild pruritis ani last 3 days 

T.I.D. for 10 days; 

B.-H. 

13.78 

161.1 

147.32 

Anal pruritis from 7th to 30th day 


R.-R. 

40.28 

228.9 

188.62 

Occasional '^heartburn,” nausea 


H. L. F. 

9.54 

230.2 

220:66 

None 


R. L. R. 

6.99 i 

243.8 i 

236.81 1 

SI. diarrhea on 5th and 6th day; anal irri- 




i 

i 

tation 


J. M. P. i 

13.78 

251.2 

237.42 1 

Some and abdominal distension 


[ J. R. H. 

8.48 1 

260.7 

252.22 

Pruritis ani from 2nd day to 14th day 


E. G. C. 

8.48 i 

262.88 

254.40 

Pruritis ani last 7 days 


C. W. D. 1 

11.66 


327.62 

SI, gastric irritation first 3 days 

i 

Average i 

223.36 




Diodoquin, 0.21 g. 

D.-McK. i 

11.6 1 

57.2 

45.6 

1 SI. ^'gastric” distension and irritation 

T.I.D. for 10 days 

R. E, S. 

18.02 1 

87.98 

69.96 

1 Sense of increased warmth 


(Mrs.) 






J. H. G. 

7.42 

77.38 

70.96 

Lethargy*” and constipation 


F. L. C. 

10.6 

85.86 

75.26 

Several attacks mild diarrhea and anal 






irritation 


F. B. Z. 

11.66 

111.30 

99.64 

Lethargy; Headache; Sense of warmth 


(Dr.) 

R. L. 0. 

18.02 

112.63 

104.61 

Anal pruritis, mild, from 4tli to 10th day 


G. D. S, 

5.3 

181.72 

176.42 

None 


F. B. M. 

5.3 

284.37 

279.07 

Mild pruritis ani 


(Mrs.) 

J. W. R. 

10.38 

374.18 

363.80 

Rhinitis last 3 days; SI. anal irritation 10th 



i 



day 


S. B. McK. 

1 9.01 

1 

. 446.26 

437.25 

SI. gastric '^heaviness” first 3 days 

Average j 

172.25 


! 



jeets kept a daily record of any untoward symp- 
toms noted. 

Tabic 2 shows that a greater average rise in blood 
iodine (223.36 micrograms) occurred after treat- 
ment with Vioform than after Diodoquin (172.25 
micrograms). Individual variations in the in- 
crease in the blood iodine level were greater with 
Diodoquin with rises from 45.6 to 4v>7.25 micro- 
grams per 100 cc. of blood being obscrx^cd. More 
consistent a!)soq>tion of Vioform was noted where 


tients c.Kperienccd a moderately severe pruritus ani 
which had developed on about the fourth or fifth 
day of treatment and persisted for sc%'cral days 
after the drug was stopped. No symptoms sug- 
gestive of iodism were observed. 

comtEKT 

The previous study (5) on Diodoquin wiis 
dropped and the results not published mainly be- 
cause a definite LDto could not be <ictermin(K! in 
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spite of the use of a large number of animak. It 
was assumed that a compound of this nature, wWch 
exhibited such irregularities in toxicity, would ako 
prove uncertain in protozoacidal action, 

Diodoquin is extremel}" insoluble in water, dilute 
acids and alkalies. Consequently, it might be ex- 
pected to remain stable and unabsorbed in the 
gastrointestinal tract and thus show little or no 
toxicity' after oral adminktration. We found, 
however, that single oral doses ranging from 50 to 
2000 mgm. per kilogram did kill some animals. 
While we could not determine the LDio for Diodo- 
quin in the guinea pig, we do not believe that our 
results would be appreciably altered by further 
studies on a larger number of animak. Too few 
kittens were given Diodoquin to permit any con- 
clusions to be made. 

The toxicity of an insoluble type of compound 
such as Diodoquin ma}" depend more on such fac- 
tors as h\q)eracidity or intestinal stasis than on the 
actual amount of drug administered. For exam- 
ple, Anderson and Reed (9) believe that h>i5er- 
acidit}" can cause an increase in the toxicity of 
Vioform in man. The}’- state that they had ob- 
sen’^ed a patient who could not tolerate this drug 
because a soluble hydrochloride of Vioform had 
apparently formed “in the excess acid present in 
the patientk stomach, which resulted in greater 
absorption of a more toxic compound.’* W^en 
such conditions are encountered, the potential 
danger of toxicity should be greater when Diodo- 
quin (jM.W. 396.9) is emplo^^ed therapeutically 
since it contains 63.9 per cent iodine compared with 
the 41.5 per cent of iodine present in Vioform 
(M.W. 305.4) . It has been shown ako that toxicity 
increases with halogenation of oxj^quinoline and in 
proportion to the atomic weight of the halogen 
present (10). Apparently, the relative insolu- 
bility of Diodoquin is a confusing factor in toxicity 
studies so that it can not be predicted whether or 
not a certain dose will kill. 

In our blood iodine studies the total amount of 
Diodoquin given ■was considerably less than that 
recommended for the treatment of amebiasis. The 
average adult dose of Diodoquin k 7 to 10 tablets 
dail3% taken between meak for fifteen to twenty 
days. This increased dosage compared vnth the 
amount we administered, and the prolongation of 
treatment would undoubtedly increase the danger 
of adsorption and toxicity from Diodoquin. If a 
drug k an efiective protozoacide, we believe that 
nothing is gained by continuing treatment for 


periods longer than ten days at a time, lie un- 
reliability and irregularity of the absorption of 
Diodoquin after oral adminktration is in our 
opinion a major handicap for its uncontrolled 
therapeutic use. Our results indicate that iodine 
absorption does occur after Diodoquin, as well as 
Vioform, when it is given orally and that both 
drugs are capable of causing toxidty in animak. 
Craig (11) has recently suggested that Diodoquin 
could be used in full therapeutic dosage for pro- 
longed periods in the prophylaxis of amebiasis. On 
the basis of our results we believe that A'ioform 
would prove a more reliable protozoacide and 
less likely, due to less variable absorption, to cause 
toxic symptoms. The use of either of these com- 
pounds in the prophylaxis of amebiasis must be 
rigidly controlled and should not be carried out as 
extensive^ or as f reel}* as is done in the prophylaxis 
of malaria with quinine. However, we feel that 
any procedure, such as Diodoquin or ^'ioform pro- 
phylaxis, intended to safeguard the health of 
troops and workers in ameba infested areas is 
worth the risk of the occasional case of toxicity to 
iodine which may appear. 

COXCLUSIOXS 

1. The oral LDso for Vioform is about 175 mgm. 
per kilogram in the guinea pig and approximately 
400 mgm. per kilogram in kittens. No definite 
LDso was established for Diodoquin but it proved 
lethal to both guinea pigs and kittens in occasional 
instances when doses from 50 to 2000 mgm. per 
kilogram were used. 

2. Liver damage was obser\'ed in animals dying 
from Diodoquin or Vioform. 

3. Iodine absorption occurs in normal human 
subjects when either Vioform or Diodoquin are 
administered orally in tlierapeutic amounts for a 
period of ten day’s. This is demonstrated by a 
rise in blood iodine which shows greater variation 
with Diodoquin than with Vioform, 

4. Diodoquin, because of its higher iodine con- 
tent, possesses a greater potential danger of toxidty 
than Vioform. 

5. The occasional toxidty which may’ be seen 
in the human following oral administration of these 
drugs should not preclude their use in the prophy’- 
laxis of amebiasis if such therapy’ is rigidly 
controlled. 
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A special effort has been made in the past few We found that it would breed readily in captivity, 


years to domesticate various rodent species found 
in the vicinity of the Yellow Fever Laboratory at 
Villaviccncio, Colombia, with the object of testing 
their value in laboratory studies. This is a con- 
tinuation of work started by Dr. John C.Bugher 
and his colleagues, who have published a general 
description of the region and of the methods of 
work (Bugher ci aL, 1941). The local cane rat 
has proven especially well adapted to the labora- 
tor}^ and the present paper includes general ob- 
ser\»’ations on its laboratory behavior and an ac- 
count of experiments on its susceptibility to the 
virus of yellow fever. 

We are indebted to Dr. G. H. H. Tate of the 
American Museum of Natural Histor>^ for the 
identification of the animal, and to Miss Barbara 
Lawrence of the Museum of Comparative Zoology 
for searching the literature for notes on the be- 
havior of this and other mammals; study speci- 
mens of our experimental material have been 
deposited in both museums. 

BIOLOGICAL NOTES 

The Villaviccncio cane rat seems to be very 
similar to the animal described from Maipures, 
Venezuela, by Thomas, as Zygodoithmys slcllac, 
now generally considered to be a subspecies of Z. 
viicroitnns. In view of our limited knowledge of 
the range and geographical variation of the rodents 
of northern South America, the Villaviccncio popu- 
lation of this rat is perhaps best referred to as 
Zygodontomy mkrotwus near sidlac Thomas (for 
taxonomy and bibliography cf. Tate, 1939). The 
cane rat here, like its relatives in Panama (for life 
histor>" notes on the similar Panama canc rat cf. 
Enders, 1935; Bole, 1937) seems to be especially 
common in scmicuUivatcd land, and it is abundant 
in the abandoned pastures around the laboratory. 

* The studies and obscrwitions on which this paper is 
based were conducted with the support and under the 
auspices of tiic Section of Special Studies maintained 
by the Ministry of Labor, Hygiene, and Social Welfare- 
of the Republic of Colombia and the International 
Health Division of The Rockefeller Foundation. 


and when preliminary tests showed it that might 
possibly be of use in influenza studies, a laboratox}^ 
colony was established. All experimental work 
was done with material from this colony, which was 
descended from six wild males and twelve wild 
females. 

Wc have maintained the colony at a level of 
fifty breeding females and thirty-five males; from 
these we get from fifty to eighty young a month, 
which is adequate for our needs. The gestation 
period seems to be about twenty-eight days, rats 
reach sexual maturity in three to four months, and 
the average litter contains 4.0 young (means of 100 
litters). The young can be weaned at fifteen days, 
but wc generally leave them with the mother for 
somewhat longer — seventeen to twenty days. 
The females may be impregnated again as soon as 
the young arc born; but such frequent parturition 
results in progressively weaker litters, so our stand- 
ard practice is to remove females as soon as they 
are obviously pregnant, and not mate them again 
until after the young arc weaned. 

The canc rat colony is maintained on the follow- 
ing diet: 

Pntl 

Crushed carrots 1 

Crushed cabbage 2 

Maize flour 1 

Rice polishings u 

Rolled oats 1 

Water 2 

Boiled milk 1 

Calcium carbonate 0.05 

Sodium chloride 0.05 

Vegetable lard 0.01 

Tlie mixture has the consistency of paste, which 
makes it easy to handle. The rats arc given all 
they will cat, about 20 grams per adult rat per 
day, and on this they seem to thrive with no sup- 
plcmcntar}" food and no water. This <lict has 
j>rovcn to be quite unsatisfactory for our xvhitc 
mice, however, and is inadequate for some other 
species of wild rats. 

The canc rat is of medium size (mean weight of 
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ten adult males, 82 grams). It is a ver)” active 
species, given to making long and sudden leaps, 
causing difficulty in handling in the laboratory. 
We make a practice of anesthetizing the rats one at 
a time when they are being used for experimental 
work, as the}" are easil}" killed b}" an overdose of 
ether. Witli practice and good luck, it is possible 
to get 2.0 cc. of blood from the heart of adult rats, 
but'we have never succeeded in bleeding an animal 
without killing it. In susceptibility to ether and 
to heart.puncture, this species is much more deli- 
cate .than, some of the local rodents. No spon- 
taneous-diseases have appeared in tlie colony, and 
mortality from accident is low. 

EXPEROtEXXS OTTH YECLOW FEVER VIRUS 

RtCotcry of ' Tints. Wc have not been able to 
recover ‘ virus from these animals after either 
subcutani^Ous' or intraperitoneal inoculation with 
virus of' the' neurotropic strain, or with either of 
two strains of local \drus. Attempts ha\'e been 
made with ‘ fourteen animals, inoculating blood, 
liver, and brain material taken at inten^als be- 
tween four and seven da 3 ''s after infection intra- 
cerebtally - in’ susceptible white mice. There has 
been liO' Tnortahty that could be attributed to 
yellow fever after either subcutaneous or intra- 
perrtoncal inoculation. 

The virus seems invariabl}'' to grow in brain 
tissue after intracerebral inoculation, but as in 
the ‘some strains of w^hite mice (Sawyer 

and Lloyd, 1931) the animals do not invariably die. 
We have- always found virus in the brains of ani- 
mals infected with the neurotropic strain and 
killed between the fourth and seventh days after 
inoculation; three of four killed on the eighth day 
showed virus; one killed on the tenth day showed 
no virus. 

Serial passage of virus. The ‘Trench neuro- 
tropic*' strain of virus was carried through twelve 
intracerebral passes in these animals, as sum- 
marized un table L These passes were carried out 
by the same method as used routinely for wliite 
mice’: 0.03 cc. of brain suspension was inoculated 
in the right cerebral hemisphere of each animal. 
The brains used for inoculum were normally ground 
in 3 cc. physiological saline each (giving a sus- 
pension of approximately 20 per cent by weight), 
pooled, ‘and ' centrifuged for fifteen minutes at 
1,500 r.p.m. It will be seen that the third, 
sc\"enth, and eighth passes were carried out by the 
inoculation' of • brain material from apparently 


healthy animals. From these and other experi- 
ments, it appears that the virus invariably grows 
to some extent in the brain tissue, though the 
growth may be slight, as shown by the titrations 

TABLE 1 


Summary of intracerebral passes of twurotropic virus in 
canc rats 
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2 rats Sf 

7 

5.3 

4 

25 

X 

0 

3 

2 rats Nt 

8 

6.6§ 

5 

32 
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3 

4 

2 rats S 

6 

4.6 

9 

48-54 

5 

6 

5 

1 rat S 

5 

! 5.51! 

10 

46-78 

5 

2 

6 

2 rats S 

5 

i 5.5 

5 

70 

7 

3 

7 

1 4 rats N 
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2 

40 

X 

X 

8 

2 rats N 

' 6 

6.4 

7 

43 

7 

5 

9 
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6 

4.7 

9 
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6 

4 

10 
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6 
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6 
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5 
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"^A.S.T, = average survival time of white mouse 
controls on each inoculum. 

t S = paralyzed animals. 

J N — apparently healthy animals. 

§ Two normal rats killed on eighth day; brain of one 
gave 2/12 mortalit}' in white mice, of the other 12/12 
mortality with A.S.T. of 6.6 days. Pool of the two 
brains used as inoculum for third pass. 

II A.S.T. for a 20 per cent suspension by weight in 
saline, undiluted; this inoculum showed a titer of 
1 : 50,000 in white mice. 

Four apparently healthy rats killed on fifth day; 
the brains ground separately (10 per cent suspension by 
weight in serum-saline) showed the following titers: 
1 :5, 1 :315, 1 : 1.6, 1 :2.2. Pool of supernatants used as 
inoculum for seventh pass. 

** Ten per cent suspension in serum-saline showed 
a titer of 1:23,000 for one animal, 1:31,000 for the 
other; pool used as inoculum. 

of tlie four rats used as the inoculum for the 
seventh pass. 

There is some evidence in this series of adapta- 
tion of the virus to this species of rat. The num- 
ber of rats used for each pass is too small for the 
computation of mortality rates, and since the 



ADAPTATION OF CANE RAT TO LABORATORY 


37 


animals used in a particular pass were frequently 
siblings, the genetic composition of the particular 
family used for a pass undoubtedly influenced the 
result. These difficulties can be avoided to some 
extent by grouping the passes as follows: 


PASSES 

. TOTAL 
ANtMALS 

number I 

DYING 

MORTAUTY 

1 to 3 

14 

6 

fer toil 

43 

4 to 6 

24 

11 

46 

7 to 9 

16 

9 

56 

10 to 12 

24 

15 1 

62 


In this summar}% as in the table, animals killed 
when paralyzed are considered as ‘ ‘dying and 
animals killed when normal, as “Jiving.^' We 


TABLE 2 

Protection test results toith sera taken 30-60 days after 
inoculation 


VIRUS STRAIN 

INOCULA- 

TION 

ROUTE 

PROTECTION TEST RESULTS 

Nega- 

live 

Doubt- 

ful 

Posi- 

tive 

“Neurotropic*’ 

s.c. 

6 

1 

4 


i.p. 

0 

0 

I 


i.c. 

1 

1 

4 

“Novoa” 228 m.l.d. 

i.p. 

0 

0 

2 


i.c. 

0 

0 

2 

“Novoa,” trace (d= 1 
m.l.d.) 

i.c. 

3 

0 

0 

“17D” (vaccine) 

i.p. 

2 

1 " 

2 


have not observed any case in which an animal has 
recovered after showing frank paralysis. 

Antibody produclioiu Sera were tested for 
yellow fever antibodies using the intracerebral 
protection test as described by Bugher (1940). 
Sera of some fifteen uninfected animals were tested 
for antibodies, and all gave clear negative results. 
It thus seems unlikely that there is a nonspecific 
reaction in this species. Protection tests on in- 
fccted animals arc summarized in tabic 2. From 


this, it appears that the animal generally, though 
not always, develops antibodies after intracerebral 
or intraperitoneal inoculation with appreciable 
doses of virus. 

SXJMMA31Y 

The Villavicencio cane rat has been found to be 
well adapted to laboratory culture and ma- 
nipulation. 

The virus of yellow fever seems to grow readily 
in the brain tissue of this animal, but only about 
half of the animals are killed. Virus was success- 
fully maintained for twelve serial passes and 
showed some signs of adaptation in that the rat 
mortality became successively higher and the in- 
cubation period shorter. 

Circulating vims was not recovered after sub- 
cutaneous or intraperitoneal inoculation, but many 
animals showed circulating antibodies after such 
inoculation as well as after intracerebral inocula- 
tion as shown by the intracerebral protection test 
in white mice. 
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INTRODUCTION 

Recent papers (28, 26, 27) indicating that trichom- 
onad flagellates from the human intestine and 
mouth are unable to establish themselves when 
implanted into the human vagina, along with much 
additional evidence, has sensed to emphasize the 
separateness of the species of Trichomonas located 
in the vagina, the mouth, and the intestine, re- 
spectively. 

In spite of many excellent morphological studies 
on these species, especially on F. vaginalis^ many 
textbooks on parasitology continue to state that 
morphologically the three species are identical. 
Other authors declare that the intestinal and 
vaginal forms are identical or that the intestinal 
and oral forms are the same. 

For more than 20 years I have been interested in 
the morphology of trichomonad flagellates and 
have recorded my observations on those found in 
man in a ^lumber of publications either with (3, 4, 
6) or without (31, 32, 33) collaborators, A paper 
on comparative morpholog>^ (31) was published in 
South America and one on the morphology of F. 
vaginalis (33) in Japan. Since these papers are not 
as generally available as could be desired and since 
my studies have recently brought to light some 
previously unrecorded details of organization, it 
seems worthwhile to present an account of the 
morphological characteristics of these species. In 
the interest of greater completeness a review of 
recent literature showing physiological distinctions 
among these species is included. A more e.xtenclcd 
description of F. hominis is being published else- 
where (35), and an abstract on comparative mor- 
phology has been published (34). Since the litera- 
ture dealing with the tricliomonad flagellates of 
man is so voluminous, onl}' a selected list of refer- 
ences will be cited. 

^fai(rials and methods. Living flagellates as 
well as those on fixed and stained slides have been 
sUitiied. Living animals were examined in freshly 
ohtaine<l body discharges diluted with physiologi- 
cal salt solution, or in the fluid media in which they 


were cultured. Prepared slides from diluted feces 
or vaginal secretions were made by fixing in Schau- 
dinn*s, Bouhfls, Hollande’s or Flemming’s fluids, 
Chrom-acetic, etc., with various modifications, and 
stained for the most part with Heidenhain’s iron 
haematoxylin. Smears of culture flagellates or of 
vaginal discharges were treated with Osmic fumes, 
dried, fixed with methyl alcohol and stained by the 
Giemsa method. 

Acknowledgements, I am indebted to many per- 
sons for help in getting material but more particu- 
larly to Doctors John H. Arnett, P. Brooke Bland, 
Leopold Goldstein, J. Hogue, Frank Lynch, 
M. L. Rothman, R. M. Stabler and A. D, Waltz. 
I am also indebted to Doctor Sarah H. Stabler for 
technical assistance. Dr. L. R. Cleveland very 
kindly sent slides of Tritrichomonas fccalis. In 
part these studies have benefitted from financial 
assistance from the Special Research Fund of the 
University of Pennsylvania. 

COMPARATIVE MORPHOLOGY AND BEHAVIOR 

In the presentation immediately following, Tri- 
chomonas vaginaliSj T, tenax (F. clongatOf F. bnc- 
calis) and F. hominis (F. intcstinaliSf Pcnlatri- 
chomonas ardindcltcili) alone will be considered, 
since these are the species commonly obscrxTcl. 
Tritrichomonas fccalis Cleveland has been reported 
only once in the hislor}’ of human parasitology and 
will be dealt with separately. Reasons for em- 
ploying the names here used arc given in the 
discussion. 

Size ajjd shape. Unless otherwise slated, the 
measurements given below arc based upon fixed 
and stained specimens. Living animals are regu- 
larly larger than those on prepared slides. The 
recorded lengths do not include the flagella nor the 
protruding portion of the axostylc. 

In the present studies, lengths of F. vaginalis 
ranged from 7 to 23 p, with an average of about 
13 n* Most specimens fell within the range from 
1 2 to 20 n. Living individuals up to 30 n long have 
been not«l. Lengths of F. hominis range<l from 5 
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to 14 li with averages in different groups from 7 to 
8 fi. Measurements of T. tcnax gave a range from 
5 to 12 M with averages for different groups from 6.5 
to 7.5 Thus, T. hominis and T, ienax are about 
the same length, the former being slightly, longer. 
All three species show, in general, the fusiform 
or piriform shape common for species of Trichomo- 
nas (textfigs. A, B, C). On stained slides T. 
hominis is generally more strongly arched on the 
dorsal profile (fig, 11). All three are characterized 
b}’- great protoplasmic plasticity so that various 
shapes may be assumed. T. vaginalis is usually 


uncertain. In T. vaginalis and T. te7iax the bleph- 
aroplast is commonly a single body or a duster of 
closely adherent granules, but sometimes it appears 
to be composed of two approximately equal parts. 
In T. homviis^ in the more common five-flagellated 
condition, there are characteristically two bleph- 
aroplasts of unequal size at the head of the axo- 
style. The smaller, ventral one gives rise to the 
single ventral flagellum, while the more dorsal, 
larger one gives origin to the other flagella and the 
costa (figs. C, 13), It will, of course, be appre- 
ciated that only favorably oriented individuals, 





Textfiguhes a, B aku C. Diagrammatic Represrktatioxs of Trichomonas vaginaus (.M, T. tekax (B), 

AND T. HOillNIS (C) 


more robust in appeamnee (figs. 3, 4) and T. tcnax 
is commonly more slender (figs. 7, 9). In the 
rounded-up. inactive, condition, T. vaginalis tends 
to assume a spherical form while T. hominis is 
more often oval. These inactive stages are con- 
sidere<l to be degenerate, or possibly abortive at- 
tempts at cncystment. True resistant cysts have 
not been satisfactorily demonstrated. 

The blcpharoplasts. The fibrillar apparatus of 
trichomouads centers in the blepharoplastic com- 
ple.x made up of a group of basal granules more or 
less fused together at the anterior pole of the cell. 
The exact number of component basal granules is 


especiall}'' those presenting a side view, could be 
expected to show the two dements distinctly. 

The anterior flagella. Four anterior flagella, of 
approximately equal length, are characteristic for 
r. vaginalis and T. tcnax. They arc sometimes 
grouped into two groups of two each, one pair 
which may be a little longer than the other. On 
individuals of T, vaginalis of medium size the 
flagella are about as long as the body. On larger 
animals they may l)c shorter, and on shorter ani- 
mals they may be longer, than the body. On T. 
tcnax the latter tendency is more pronounced (Figs. 
9, 10). Occasionally on stained slides one secs a 
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specimen of T. vaginalis or T» ienax with three or 
five flagella, but these are rare. On\T. hominis 
the number of anterior flagella is notabl}^ variable, 
three, four or five being commonly reported. In 
all the 20 cases which I have studied (four other 
cases had too few flagellates to study), some, or 
most of the individuals showed five anterior fla- 
gella; and also the two unequal blepharoplasts. 
Counts from Giemsa-stained clone-culture smears 
showed a majority of animals with five flagella. 
However, some otlier populations seemed to have a 
majority with four. In my experience, therefore, 
the number of anterior flagella on T. hominis is 
variable, but more characteristically, five. The 
anterior flagella of this species show a greater tend- 
ency to inequality in length among themselves 
than is true of the other two species. The single 
ventral flagellum may be as long as the other four 
(fig. 12) but is more commonly shorter (fig. 13). 

The posterior flagellum and the undulating mem- 
brane. On T. ragina/is the undulating membrane 
is usually between one-third and two-thirds the 
length of the body, ending where the posterior fla- 
gellum becomes attached. This flagellum has no 
posterior free extension. In very large specimens 
the membrane is relatively short (fig. 4), while in 
veo^ short individuals, especially those reduced in 
size by autotomy, the membrane may be relatively 
much longer and eyen full-length. 

As pointed out elsewhere (33), the margin of the 
membrane has two filaments, the posterior flagel- 
lum, and an accessory filament of finer caliber 
(fig. 4). This accessory filament is not commonly 
visible on the customarj'' wet-fixed and stained 
preparations (figs. 1, 2, 3, 5), but on dried films, 
dyed with Giemsa^s stain, it is often separated 
from the posterior flagellum (fig. 4). In such 
preparations it is somewhat longer than the flagel- 
lum, possibly due to a capacity to swell or to more 
shrinkage on the part of the flagellum. 

The undulating membrane of T. tenaxy like that 
of r. vaginalis is characteristically less than body- 
length and the posterior flagellum has no free ex- 
tension. There is an accessor\' marginal filament 
(fig. 10). Possibly associated with the smaller size 
of body, the undulating membrane of T. Ienax is 
rclaliveiy somewhat longer than on T. vaginalis 
(figs. B, 7~10). In some cases, perhaps associated 
with autolomy, the membrane may reach to the 
posterior end (fig. 9). 

The posterior flagellum of T. hoviinis passes 
along the margin of the undulating membrane and 


then projects beyond the body as a trailing flagel- 
lum almost as long as those at the anterior end 
(figs. C, 11, 12, 14). There is an accessory fila- 
ment of finer caliber which normally ends at the 
posterior end of the membrane, and on Giemsa- 
stained dried smears it is peripheral to the poste- 
rior flagellum (fig. 12). For some animals on these 
dried smears the cytoplasm was destroyed leaving 
only the blepharoplast with the structures which 
are attached to it, and sometimes the nucleus also. 
Such specimens occasionally showed the accessor^" 
filament flattened out into a ^‘fln” attached to the 
posterior flagellum (fig. 13). In a few cases this 
“fin” became greatly expanded to become longer 
than the posterior flagellum itself (35). 

The costa. The chromatic basal rod, or costa, 
is located beneath the undulating membrane. In 
T. vaginalis (figs. A, l-S) and T. fenax (figs. B, 7, 
8, 10) this rod is vcr>^ slender and is uniform in 
diameter throughout its length. It is onl}' as long 
as the undulating membrane and therefore is char- 
acteristically less than body-length in these two 
species. In T. hominis the full-length costa is 
much coarser and is thicker through its midregion 
(figs. C, 14). 

The parabasal apparatus. Both T. vaginalis and 
r, tenax have a well-developed parabasal appa- 
ratus consisting of a slender parabasal fibril and a 
much thicker and shorter parabasal body (figs. A, 
B, 2, 3, 4, 8). The fibril may be obscr\’ablc after 
the more common fixing and staining methods but 
the parabasal body is rendered more stainablc by 
fixing agents containing Osmic or Chromic acid, 
such as Flemming’s fiuid or Chrom-acctic. Occa- 
sionally it is visible on dried smears treated with 
Osmic fumes and stained by the Giemsa method 
(fig. 4). The appearance of the parabasal body 
may vary in dificrent individuals. In T. vaginalis 
it usually presents a uniform diameter except for 
the narrower attachment to the blepharoplast, and 
it curves gently over the nucleus like a link of 
sausage, lying between the nucleus and the costa 
(fig. A). Occasionally it may show a constriction 
near its own mid region where it may also be rather 
sharply bent (fig. 2). Sometimes the doi^al margin 
shows several irregularitie.'^. In some populations 
a number of individuals possessed two parabasal 
bodies, one shorter than the other (fig. 3). The 
smaller one may be growing out in anticipation of 
cell division. In very large individuals the fibril 
may be quite long, reaching to the posterior end of 
the body and occasionally it may be split (33). 
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In r. /cnax the parabasal l)ody is variable in 
length and form. Sometimes it is short and bis- 
cuit-shaped (31) but is often longer. It may show 
irregularities in its dorsal contour (fig. B) and in- 
equalities in stainability in different regions (fig. 8). 

J*. hominxs differs radically from the other two 
species in the apparent absence of a parabasal 
body. Repeated attempts to demonstrate it have 
been made, using tlic same techniques employed 
for the other species, but without success. How- 
ever, as shown in figures II, 13 and 14, one may 
often see a slender fibril or a row of fine granules 
between the nucleus and the costa where the para- 
basal apparatus should be, if present; but this 
structure could be a new costa growing out in 
anticipation of cell division. The absence of a 
parabasal body is a striking distinction between 
r. hominls and the other two species. 

The axoslyk. The axostylcs of all three species 
are relatively solid, tapering gradually from within 
the body to the posterior tip and lacking cncioaxo- 
stylar granules (figs. A, B, C). That of T. hominis 
is relative)}' coarser (fig. C). In T. vaginalis^ espe- 
cially in large individuals, the axostyle may be 
split up into a number of threads in the region 
posterior to the nucleus (fig. 4). On the slide 
from which figure 4 was drawn a great majority of 
the individuals had split axostylcs. Many other 
obscr\'crs have noted this phenomenon. In all 
three species the ventral margin of the anterior 
region of the axostyle, which sciv'cs as the ^Toof of 
the mouth*^ is thicker and stains more intensely 
than elsewhere (figs. A, B, C, 1, 7, 11, 13). 

The nucleus. In T, vaginalis the nucleus is com- 
monly elongate-oval (figs. A, 5), or even quite long 
and narrow, Abut sometimes is more rounded (fig. 1). 
In the other two species it is more commonly 
rounded or oval (figs. B, C). In T. vaghwlis the 
chromatin, aggregated into small granules, is usu- 
ally rather uniformly distributed throughout the 
nucleiir space (fig. A). In T, latax the granules 
tend to be fewer and larger (figs. B, 7). In T, 
hominis the chromatin is less often aggregated into 
granules and tends to form a layer against the 
nuclear membrane (fig. C). In all three species 
the endosome is relatively small and often difficult 
to see, especially in T, vaginalis. It is usually 
more conspicuous in T. honinis. In the latter 
species the nucleus may be parasitized by NucleO' 
phaga (fig. 14), but I have never seen this parasite 
in the other two species. 

The cytoplasmic granules. Siderophiiic cyto- 


plasmic granules arc found in many species of Tri- 
chomonas with arrangements which are specifically 
characteristic. They do not usually appear in the 
Giemsa-stained smears. T, vaginalis differs from 
the other two .species because of the large number 
of such granules. They arc more numerous along 
the axostyle and costa (figs, A, 1~3, 5). In T, 
Icnax they arc much less conspicuous and appear 
along the costa but apparently are not associated 
with the axostyle (figs. B, 7, 8). In T. hominis 
there is a row dose to the costa (figs. C, II, 14). 
It is probable that some, at least, of the paracostal 
granules in T, vaginalis and T, Icnax arc homolo- 
gous with the paracostal row in T. hominis. In 
the latter species there are also perinuclear gran- 
ules, which arc difficult to see unless one looks for 
them (figs. C, 14). They arc irregular in distribu- 
tion and arc sometimes replaced by a diromatic 
cloud (35). 

The cylostomc. In T. vaginalis the cytostome is 
inconspicuous although readily apparent in some 
specimens (figs. A, 1, 2). In T. (cnax it is more 
commonly visible (figs. B, 7, 8) and in T. hominis 
may be quite conspicuous (figs. C, 11). It is 
always at the anterior end on the side of the axo- 
style away from the undulating membrane. The 
presence of a mouth would presuppose that inges- 
tion is accomplished through its use, although the 
suggested possibility of ingestion by pseudopodia 
(13, 25) cannot be excluded. 

Behavior. In behavior the three species arc 
somewhat similar as seen at room temperature in 
physiological salt solution or in liquid culture 
medium. Under these conditions, T, hominis and 
r. tenax arc usuall}' more active. In each species 
the body shows great plasticity enabling the flagel- 
lates to burrow through the loose debris in their 
environment. T. has a more marked 

tendency to adhere to solid objects by the sticky 
posterior cytoplasm and one often sees clusters of 
individuals adhering together, or to leukocytes or 
other objects. The anterior flagella and undulat- 
ing membrane of attached animals beat vigorously 
causing them to rotate on their long axes. Indi- 
viduals progressing across the field of the micro- 
scope often become adherent to the substrate by 
the posterior cytoplasm. This may become pulled 
out into long strands which then break and pennit 
continued for\vard progression. T. tenax resem- 
bles T. vaginalis in these characteristics more than 
does T. hominis which I have seldom seen in clus- 
ters or adhering to solid objects. 
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r. vaginalis shows pseudopodial activity more 
frequently than do the other t^YO species and this 
behavior has been obser\^cd by various authors. 
Under certain conditions, clear pseudopodia, com- 
parable to those of amoebae, are slowly protruded 
from different parts of the body, but especially 
from the posterior region (fig. 5). Such pseudo- 
podia are rare in F. hminis but have been reported 
for r. tenax. (13). 

Under conditions considered degenerate or pre- 
liminary to rounding up, the flagella of trichomo- 
nads may become adherent to the cell body. 
These imbedded flagella continue activity for some 
time and this may result in the rapid extrusion 
from the anterior region of long finger-like proc- 
esses which may then progress, with diminishing 
amplitude, to the posterior end. Such protrusions 
have been mistaken for pseudopodia, but are 
thrust out much more rapidly and vigorously than 
true pscudopodia. 

DISCUSSION 

CommeViis on certain morphological feaUtres, 
Some features of morphology may profitably be 
discussed with reference to reports in recent lit- 
erature. 

The great range in size sometimes seen, espe- 
cially for r. vaginalis, is a matter of considerable 
interest. The lowers size ranges of this species 
overlap the sizes of the others. Larger dimensions 
have been reported for T. knax in cultures, with 
maximum lengths of 21 pt (20), and 18 p (23). 
Various suggestions have been made as to the cause 
of these variations. Size races could be repre- 
sented. Rapid multiplication with little growth 
between divisions would result in smaller animals. 
Greater growth and fewer divisions would produce 
larger animals. Larger sizes of T. vaginalis have 
been thought to be due to '"overgrowth*^ (37). T. 
knax was found to increase greatly in size when 
rice starch was added to the culture medium (23, 
2), as was also noted for T. hominis (II). In 
bactcria-free cultures T. vaginalis became some- 
what larger when the pH varied above or below 
the optimal range from 5.15 to 5.80 (24). Autot- 
omy may account for reduction in size. In tliis 
process, which has been described for T. knax (19) 
and for T. vaginalis (25), a blob of endoplasm be- 
comes constricted off and detached from the poste- 
rior end (fig. 6). With so ma'ny factors influencing 
size it is dilhcult to evaluate the ranges that have 


been observed. However, T. vaginalis is charac- 
teristically larger than the other two species. 

Cytoplasmic inclusions are of some interest. In 
fresh material T. vagwalis rarely shows inclusions 
except a leukocyte in an occasional individual (31, 
3, 4). On the other hand, this species may be 
phagocytized by leukocytes (8, 31, 4) as is also 
true of r. hominis (10, 31, and flg. 17). There arc 
many reports of the ingestion of erythrocytes by 
r. hominis; also by T. vaginalis in culture (1, 
25). In cultures, all three species ingest bacteria; 
r. knax readily ingests starch (23, 2) as docs also 
T, hominis (11) and T. vaginalis (25). Intestinal 
trichomonads arc sometimes parasitized by Sphac- 
riia (fig. 15) but I have never seen this parasite in 
the other two species. In two sets of slides made 
directly from feces, many individuals of T. hominis 
showed lightty staining coccoid bodies adherent to 
the external surface (31). In some specimens the 
cytoplasm also contained these bodies (fig. 16). 
Whether they represent some phase in the life 
history of Sphacrita or some other organism has 
not been determined. 

Reports of a posterior free flagellum on T. knax 
(37, 9), or on T. vaginalis (37) have never been 
confirmed on my slides. Sometimes in the living 
condition, one or more of the anterior flagella be- 
come temporarily adherent to the side of the body 
allowing the tips to protrude beyond the posterior 
end. Possibly such an occurrence was misinter- 
preted as showing a free posterior flagellum. 
When the undulating membrane itself extends 
beyond the posterior end of the body, as seen in 
figure 9, its activity could be misinteqireted as 
that of a free flagellum. 

Most authors agree that the posterior flagellum 
is less than body length in T, vaginalis and T, knax, 
and without a trailing extension such as T, hominis 
has. It is therefore difficult to evaluate the fintl- 
ings of Wagner and Hecs (30), who report trichom- 
onads in human blood as well as in the mouth, 
the intestine and various parts of the female 
genital apparatus including pathological growths. 
The morphology of the flagellates from all these 
sources is essentially the same according to their 
statements and drawings. In all the latter they 
show a trailing flagellum, hut (heir photomicro- 
graphs of (ricliomonads from the vagina reveal only 
the short undulating membrane without a free 
extension, a condition characteristic of T. vaginalis. 

Differential incidence. Sur\*eys for vaginal, oral 
and intestinal Protozoa have usually been made 
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independently of each other, but results of such 
sun^cys reveal tlic greater prevalence of T. vaginalis 
and r. kuax in comparison with T. hominis. Sev- 
eral sur\xys in Philadelphia illustrate the point. 
An incidence of 22.7 percent for T. vaginalis was 
determined by direct examination of 000 gravid 
women at the JclTcrson Medical Hospital (6), while 
a survey of the mouths of 350 persons, mostly at 
the same hospital, sliowed the same percentage of 
T. (cnax determined by culture methods (2). On 
the other hand, a surv'cy of 1060 college freshmen 
for intestinal Protozoa (36) failed to reveal any 
trichomonads when a single normal stool per person 
was examined directly and by stained slides. My 
own figures for the incidence of T. hominis arc 24 
eases in 2000 persons, an incidence of 1.2 percent. 
These figures do not suggest that vaginal and oral 
infections are derived from intestinal sources. 
However, since the methods in the above men- 
tioned surv’eys were not the same, figures provided 
by the examination of all three sites of infection 
by the three mctliods of direct examination, pre- 
pared slides, and cultures, arc more reliable. Such 
a surv'cy (5) of 200 women at Jefferson Hospital 
gave an incidence of 23.5 per cent for T, vaginalis, 
16.5 per cent for T* icnax and onl}^ 1. 5 per cent for 
T. hominis. Only one individual harbored all 
three species, and onl}^ 9, or 4.5 per cent harbored 
both the oral and vaginal species. These figures 
do not support the concept of the transferability of 
trichomonads from the intestine to the mouth and 
the vagina. 

Cull Ural differences. Although all three species 
may be cultured in the same medium (5), T. 
vaginalis is less adaptable than the others, requiring 
approximately body temperature, while the other 
two can be grown at room temperature. T. 
hominis is still more adaptable than T. Icnax. 

It has been reported (1) that after a few days 
in culture, T. vaginalis assumes a form indistin- 
guishable from T. hominis, presenting a smaller 
size, longer undulating membrane and longer 
axost 3 dc. As prcviousl}^ suggested (25) these 
changes were probabl}^ due to autotomy, the reduc- 
tion in amount of posterior cytoplasm producing 
the changes obser\’ccl. In nw c.xpcricncc (4) T. 
X'aginalis, after from 6 to 11 months in culture, 
presented the same distinctive characters that it 
had at the beginning. All three species retain 
their specific characters in cultures, as obscr\'cd by 
my students and myself, as well as by others 
(25, 38). 


Animal inoculalious. Elsewhere (35) I have 
called attention to the occurrence in certain mon- 
keys, cats, (logs and rats of intestinal trichomonads 
mori)hologically indistinguishable from T. hominis 
and to reciprocal cross infections which have been 
made among those various hosts. Inoculations of 
the other sj^ecics of man into animals arc also of 
interest. Although the intestines of kittens were 
rcadii}' infected with T. hominis, thc\’ could not 
be infected with T. vaginalis or T. Icnax (7). The 
caeca of baby chicks were successfully infected 
with both T. hominis and T. icnax (15) but bac- 
tcria-frcc cultures of T. vaginalis failed to infect 
the caeca of 3'oung lurkc 3 \s and chicks (29). 

Experimentation on monkeys is complicated by 
the natural occurrence of trichomonads in their 
vaginas (18, 17) and by the presence of at least two 
species in their inlcsUncs (21, 32). Infection of 
the vaginas of two out of six monkey's inoculated 
with intestinal trichomonads from the same species 
of monkc\' {M. rhesus) has been reported (14), liut 
T. hominis of man failed to become permanently 
established in the vaginas of monkeys (16, 22). 
Both unsuccessful (7) and successful (22, 29) re- 
sults have been reported in attempts to infect the 
vagina of monkc\’s with T. vaginalis of man. 

Dobell (II) has reiterated his belief that the 
intestinal and vaginal trichomonads of man belong 
to the same species. He records that after infect- 
ing himself with his strain RT derived from ^faca- 
ens rhesus which had been infected with a strain 
NT obtained from M. ncmcslrinus, he succeeded 
in producing a vaginal infection in M. sinicus with 
a culture derived from himself. From this he 
reaches the conclusion that the intestinal and 
vaginal trichomonads of man belong to the same 
species. This conclusion docs not seem warranted 
by this experiment and it disregards all the careful 
moqihological studies and tlic pliysiological evi- 
dence showing that the vaginal and intestinal 
fonns are distinct. 

Experiments ’ivith human hosts. As would be 
expected, it is possible to infect the human vagina 
with cultures of T. vaginalis (22, 28), but attempts 
to transplant T. hominis in cultures to the human 
vagina have failed (22, 28, 26). T. tenax in cul- 
ture also failed to become permanenth’ established 
in the vaginas of 50 women inoculated, although 
persisting as long as 432 hours in one host (27). 
These crucial experiments on human beings, along 
with all the otlier evidence, should remove all 
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doubt as to the separateness of the species in the 
vagina, the mouth and the intestine, respectively. 

Commcnls on nomaichlurc. There is no ques- 
tion as to the correct name of Trichomonas vaginalis 
Donne, type species of the genus. The species 
from the mouth has received a number of names 
including T. huccalis (13) and a series of names by 
Steinberg, including T, clongaia which has been 
extensively used. Dobell (12) has recently re- 
minded us of the name Cercaria Icnax which O. F. 
Muller first applied to a flagellate in the human 
mouth in 1773. On the assumption that there is 
only one such flagellate and that it is a species of 
Trichomonas^ Dobell argues for the availability and 
priority of Muller’s species name making T. ten ax 
the correct name for the oral form. I believe that 
this is a justifiable disposition of the problem. 

In my experience the intestinal species has a 
somewhat variable number of anterior flagella, 
most having four or five, with the latter number 
being characteristic. The question as to whether 
this species is separable into different races with 
three, four and five anterior flagella has not been 
satisfactorily settled. On the assumption that 
onl}^ one species is commonly found in the intestine 
and pending further light on the question of flagel- 
lar number, it is satisfactory to use for the present 
the name T. homhtis (Davaine). 

Tritrichomonas fccalis. Under, this name Cleve- 
land (9) described as a new species a trichomonad 
found in a tap water culture of human feces. This 
has been reported from no human host other than 
the one person from whom it was first obtained. 
It is therefore an extremely rare parasite of man. 
Some authors have considered this to be a variant 
of r. hominis but a comparison of figure 18 with 
figures 1 1 to 14 will disclose the differences between 
the two species. T. fccalis is larger and coarser 
than r. hominis. There are only three anterior 
flagella which arc ver}^ long. The undulating 
membrane is heavier, usually has more undulations 
and the double marginal filament is coarser. The 
costa is more uniform in diameter and there are at 
least two rows of granules parallel to it, one or more 
located peripherally and a more dccpl}^ situated 
row. The axoslyle is coarser and unusually long. 
Besides these moqihological distinctions, Cleveland 
determined a number of physiological differences. 

T'here can be no question but that T. fccalis is 
different from 7\ hominis, but, as indicated else- 
where (v^l) it is ven’ closely similar to a species 
found in frogs and toads (fig. 19). Cleveland very 


properly distinguished T, fccalis from T. augnsta 
of frogs and toads, but did not compare it with the 
other species commonly found in amphibian hosts. 
Not only is T. fccalis VQvy closely similar morpho- 
logically to the species represented by figure 19, 
but also in physiological characters. Cleveland 
readily infected tadpoles and frogs with his species. 
He found it in a culture of human feces in tap 
water. I have cultured the comparable form from 
frogs for several months in sterile pond water to 
which a little gastric mucin or Loeffler’s dried blood 
serum had been added. I am therefore strongly 
inclined to the opinion that T. fecalis is identical 
with a species found in frogs and toads (fig. 19) . It 
is this latter species (T. balrachornm?) that com- 
monly appears in cultures made from the feces of 
frogs and toads and not T. augnsta, which I have 
never been able to cultivate successfully. 

SUMMARY 

Morphologically, the three species of Trichomo- 
nas of man are distinct, although T. vaginalis and 
r. icnax resemble each other more than either re- 
sembles T, hominis. T. vaginalis is much the 
larger, the other two being about the same length. 
T, vagiftalis is more robust in shape and T. icnax 
is more slender. 

r. vaginalis and T. Icnax normally have a single 
compound blepharoplast which ma}'’ occasionally 
appear as two approximately equal elements. In 
T. hominis there are characteristicall}^ two bleph- 
aroplasts of unequal size, the smaller being ventral 
in position. The^oral and vaginal species have 
regularl}’' four anterior flagella. T. hominis has a 
variable number, usually four or five, but more 
characteristicall}’' five. One of these is attached 
to the smaller ventral blepharoplast and the other 
four to the larger one. 

The undulating membrane of T. tenax is rela- 
tively longer than that of T. vaginalis, although 
typically less than body length in both and without 
an extension of the marginal filament into a trailing 
flagellum. T. hominis has a full-length undulating 
membrane with a trailing flagellum. At the mar- 
gin of the undulating membrane each of the three 
species has an acccssorj’ filament which is more 
slender than the posterior flagellum. - 

The costa of T. vaginalis and T. tenax is ver>’ 
slender and of unifonn diameter wliile that of T. 
hominis is coarser, and thicker in its niidrcgion. 
Both T. vaginalis and T. icnax have a wcll-dc- 
velopcd parabasal apparatus, but this is apparently 
absent in T. hominis. The axostylc of T. fwminis 
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DESCRIPTION OF PLATES 

All figures have been made with the aid of a camera lucida at a magnification of X4000 and reduced about one 
third in printing. The following abbreviations are used for sources and techniques: C = Culture; C.-A. = Chrom- 
acetic fixative; fc = feces; FI = Flemming’s fluid; G = Giemsa's stain; H = Heidenhain’s hcmatox>din; 0 *= 
Osmic acid fumes; S = Schaudinn’s fluid. 


Plate I 

Figs. 1-6. T, vaginalis 

Fig. 1. Shows 4 flagella, cytostomc, chromatic granules in cytoplasm. S., H. 

Fig. 2. Shows parabasal body with bend. C.-A., H. 

Fig. 3. Shows extra parabasal body. C.-A., H. 

Fig. 4. Large flattened specimen. Note parabasal apparatus, double margin of undulating membrane, axostylc 
split into fibrils. O., G. 

Fig. 5. Shows broad pseudopodium. S., H, 

Fig. 6. Detached blob of cytoplasm produced by autotomy, S., H. 

Figs. 7~10. T. tenax^ all from cultures. 

Fig. 7. Shows paracostal granules, cytostomc. S., H. 

Fig. 8. Shows parabasal apparatus, paracostal granules and cytostomc. FI., H. 

Fig. 9. Deeply stained, undulating membrane full-length. 0., G. 

Fig. 10. Flattened individual showing double marginal filament. O., G. 
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Plate II 

Figs. 11-17. T, hominis. 

Fig. 11. Shows 5 ant. flagella, cytostomc, paracostal granules, subcostal fibril, fe., S., H. 

Fig. 12. Shows 5 ant. flagella, double margin of und. membrane. C., 0., G. 

Fig. 13. Cytoplasm destroyed; 5 ant. flagella, accessory filament of und. membrane in form of a 2 blepharo- 
plasts. C., O., G. 

Fig. 14. Shows paracostal granules, perinuclear granules, subcostal filament, Nuckophaga parasite in nucleus, 
fc., S.,II. 

Fig. 15. Shows cytoplasmic parasite, Spitaeriia. fe., S., H. 

Fig. 16. Shows internal and e.xtcrnal coccoid bodies, fc., S., H. 

Fig. 17. Individual engulfed by a phagocyte, fc., S., H. 

Fig. 18. TritricJwmottas fccaliSj Cleveland slide. C., S., H. 

Fig. 19. Trllnchomonas hatrachoruml from toad, fc., S., II. 
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Clinical Laboratory Methods and Diagnosis, By R, B. 

Gradwohl, M.D., D,Sc., Third Edition. Illus- 
trated with 726 text figures and 57 color plates. 
1943. The C. V. Mosby Company. Two Volumes. 
Pp. 1-2130. Index, 209 pages. 

The third edition of this popular work is really an 
encyclopaedia of laboratory diagnostic methods, com- 
prising two large volumes containing over two thou- 
sand pages, with an index of two hundred pages. Prac- 
tically all diagnostic laboratory methods of importance 
are included but it is noted that the laboratory methods 
employed in the diagnosis of protozoan infections are 
very briefly considered, the methods described few in 
number, and the descriptions often sketchy in char- 
acter. The classification of laboratory methods follows 
that usually employed in works upon clinical laborator^^ 
diagnosis and the amount of space allowed each subject 
is well divided in accordance with the importance of the 
subject in diagnosis. 

A number of important omissions are noted. For 
instance, in the description of the malaria plasmodia, 
no mention is made of Plasmodium ova/c, while in the 
discussion of the complement fixation test for amebia- 
sis the original method of Craig is not described, al- 
though the results obtained with this method have been 
better than with other methods which have been de- 
veloped, when the technique has been strictly followed. 
Most of the descriptions of the protozoa and helminthes 
are inadequate. With these e.xceptions the work is 
excellent and can be recommended as a reliable guide 
in clinical laboratorv’ diagnosis. The illustrations are 
well selected and usually well done while the printing 
and binding are good. Very few typographical errors 
were noted by the reviewer. 

Manual of Veterinary Bacteriology. By Raymond A. 
Kelser, A.“M,, Ph.D., and Harry W. 

ScuoENiNG, Fourth Edition, pp. I-VII, 

1-719. 94 illustrations. The Williams and Wilkins 
Company, Baltimore, 1943. 

This book approaches the status of a classic among 
bacteriology books. It is.veiy' enjoyable reading in its 
very preciseness of presentation. It is a well-rounded 
textbook, free of superfluous material, but very suitable 
for introducing this field to any group particularly 
interested in comparative pathogenic bacteriolog>\ 
That portion of the book on the virus diseases is 
exemplary. The thoroughness of the sections on 


rabies and equine encephalomyelitis attest to the many 
original contributions of the authors on these subjects. 
Many rare or little-known virus diseases of animals are 
described. In* addition to the conventional subjects of 
bacteriology, the allied fields of mycology and proto- 
zoology are very adequately presented and the bibliog- 
raphies are well selected. The close relationship be- 
tween the fields of human and veterinary bacteriology 
is repeatedly stressed. 

While it is difficult to improve on a book of such 
wide recognition, its revision does bring many of the 
active subjects up to date. This is the authoritative 
textbook on veterinary' bacteriology. 

Memoir of Walter Reed. The Velloxv Fever Episode. 

By Albert E. Truby. Brigadier General, United 

States Army, Retired. Illustrated. Pp. I-XIII, 

1-239. Paul B. Hoeber, Inc. New York. 1943. 

Many books have been written regarding the dis- 
covery' of the method of transmission of y'ellow fever 
by^ the mosquito and much misunderstanding has arisen 
as to ihe relative parts play'cd in this most important 
discovery by the members of the United States Army 
Board and others. The present memoir is w'ritten by^ 
an officer of the Medical Corps of the Army who was 
Post Surgeon at Camp Columbia, Cuba, during the 
investigations, and who can speak with authority^ re- 
garding the subject. 

In his Preface, Brigadier General Truby says: ‘Tn 
recent y'ears, public interest in that great yellow fever 
episode has developed enormously. Unfortunately, but 
quite naturally, some distortion of the facts has crept 
into the picture. Because of that, and the fact that 
many details of the work and incidents connected with 
it have never been told, I have repeatedly been urged 
to write what I know of the personnel, the work they' 
did, tlieir living conditions, and the scene in general.” 
The author has done this and is to be congratulated 
upon a fine piece of work, and the medical profession 
and others interested, upon an unbiased account of 
probably' the most important discovery' in the trans- 
mission of disease which has been made in our times. 
In a review it is impossible to do justice to this book 
but it should be read by all interested in the subject as 
it is well written, authoritative, and as interesting as 
any' novel. General Truby' has contributed a most 
valuable memoir of Walter Reed and those associated 
with liim in the great discovery. 
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PRESENTATION OF THE BAILEY K. ASHFORD AWARD IN TROPICAL 
MEDICINE OF THE AMERICAN SOCIETY OF TROPICAL MEDICINE 

To Dr. Norman H. Topping 
Fast Assistajit Surgeon , Utiited Stoics Public Health Service 
At the A7mual Meeting of the Societyj Novcfnher IS, 1943. 

Presentation Made by Dr. Henry E. Meleney 


Mr. President , Ladies and Gentlemen: 

The Bailey K, Ashford A\yard in Tropical 
Medicine was established by the American Society 
of Tropical Medicine through the generosity of 
Eli Lilly and Company. The award includes a 
bronze medal, travelling expenses to and from this 
meeting and a check for $1000.00, The recipient 
must be a dtizen of the United States, and must be 
under thirty-five years of age on January 1st of 
the year of the award. This is the second time 
that this award has been made. The first award 
was made in 1941 to Dr, Lloyd E. Rozeboom of 
Johns Hopkins University for his contributions to 
medical entomology, and particularly for his 
demonstration of the importance of Anopheles 
hcllator in the transmission of malaria in Trinidad. 

As Chairman of the Committee of Award I have 
the honor to present to you the second recipient, 
Dr. Norman H. Topping, Past Assistant Surgeon 
of the United States Public Health Service. Dr. 
Topping was born on January 12, 1908. After 
studying at the University of Washington, he 
transferred to the University of Southern California 
where he received the degree of Bachelor of Arts 
in 1933 and that of Doctor of Medicine in 1936. 
During his medical course he did special work in 
Bacteriology under Professor John F. Ressel, and 
was elected to the honorary scientific society of 
Sigma Xi. He entered tlic United States Public 
Health Sendee in November 1936 and, after assign- 
ments in a marine hospital and in the quarantine 
and coast guard divisions, he joined the staff of 


the National Institute of Health where he has 
remained until the present time. During this 
period he has been actively engaged in research in 
the field of the rickettsial diseases. He developed 
a hyperimmune serum for the treatment of Rocky 
Mountain spotted fever. He showed by epi- 
demiological and laboratory methods that the 
eastern and western forms of spotted fever are 
essentially the same and that both mild and 
virulent strains occur in both regions. He de- 
veloped a method for preserving the rickettsiae of 
spotted fever, typhus, and fever by rapid 
freezing and drying in vacuo. With Ida Bengtson 
he demonstrated the value of the complement 
fixation reaction in the study of rickettsial diseases. 

Since the outbreak of the present war Dr. 
Topping has devoted his tipie primarily to methods 
of improving and testing t^q^lius vaccine. His 
work in developing tests for the protective power of 
this vaccine has been one of the greatest contribu- 
tions to the field of rickettsial diseases within the 
past few years. Unfortunately the secrecy sur- 
rounding research of this kind during the war 
makes it impossible to describe Dr. Topping’s work 
in more detail. During his entire research career 
Dr. Topping has shoum an unusual degree of 
imagination and originality as well as the unlimited 
capacity for hard work which is necessary for 
great accomplishments. 

Dr. Topping, on behalf of the American Society 
of Tropical Medicine I take great pleasure in 
presenting to you the second Bailey K. Ashford 
award in Tropical Medicine. 
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TYPHUS FEVER 


A Note on the Severity or the Disease Among Um^AcciNAXED and Vaccinated 
Laboratory Personnel at the National Institute of Health^ 

Norman H. Topping 
P, A, Surgeon, U, 5. Public Health Service 

From the Division of Infectious Diseases, National Institute of Health, Public Health Service, Federal Security Agency 
' Received for publication January 14, 1944 


For some fifteen years cases of typhus fever 
have been occurring among personnel engaged in 
investigations of this disease in the Typhus Unit 
at The National Institute of Health. The early 
cases occurred before an active immunizing agent 
was available, while the more recent cases have 
occurred in vaccinated individuals. Since so little 
is kno\vTi concerning the effect of typhus vaccine 
on a subsequent human infection it is of interest 
to compare these two series of cases. 

During the period of 1929 to 1943, there has been 
a total of seventeen cases of typhus fever among 
the personnel, nine of these in unvaccinated and 
eight in vaccinated individuals. The records of 
fourteen of these arc adequate and can be com- 
pared, the records of the other three (two unvacci- 
nated and one vaccinated) are not sufficiently 
complete and therefore have been excluded. The 
two unvaccinated cases were typical, moderately 
severe cases similiar in many respects to the others 
described in detail but the patients remained at 
home, some miles from the city, and were not seen 
frequently enough for complete records. The 
vaccinated case was very mild; although no 
temperature records were kept it wtis our impres- 
sion that the patient was febrile for approximately 
five days. In most respects this case corresponds 
to the other mild illnesses among the vaccinated 
group. 

The fourteen cases left for consideration here are 
evenly divided, seven vaccinated and seven un- 
vaccinated. There were six males and one female 
in each of the two groups, and the age distribution 
was quite comparable. The cases all resulted from 
accidental laboratory infections, although the exact 
time or circumstances of the effective exposure arc 
unknown. 

* Read at the Thirty-Ninth Annual jMeeting of the 
American Sodety of Tropical Medidne at Cindnnati, 
Ohio, November 16-18, 1943. 


unvaccinated cases 

The onsets were sudden with but few prodromes. 
Headache, chills, muscle aches, and pains were 
the chief initial complaints. Upon admission for 
treatment to the various hospitals in and around 
Washington the patients were noted as being 
acutely ilk The fevers were uniform^ high and 
all persisted over two weeks (average 17.1 days). 
Two of the seven patients (^1 and 3, table 1) 
became very toxic during the course of their illness 
and were irrational at times, A definite maculo- 
papular rash was described for all seven unvacci- 
nated patients. It was first noticed in the majority 
of cases on the fifth or sixth day of the illness, and 
persisted, either as macules or pigmented spots 
for at least several days. It was described as 
occurring mainly on the trunk. These seven 
patients were confined to bed for about three weeks 
(average 22.5 days), and their convalescence before 
returning to work was quite prolonged. 

These seven illnesses, judged by the hospital 
records, were all characteristic of the classical 
descriptions of typhus fever and there was never a 
question as to the diagnosis. The clinical impres- 
sions were confirmed by a marked rise in the Weil- 
Felix reaction. 

The data for these cases as well as for those that 
had been vaccinated appear in table 1. 

VACXUNATED CASES 

These seven people had received a specific 
immunizing agent some time before contracting 
the disease. The first vaccinated individual to 
develop t>q)hu5 fever had received only some of 
the vety early yolk sac \^ccine, while the other six 
cases had each rcceiv’‘ed at least one inoculation of 
a more recent ty’phus \^ccinc prepared from yolk 
sacs. As judged by da>’S of fever, da>*s in bed, 
and absence from work, as well as the clinical 
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course, this first case (\V. W.) ^Yas the most severe 
of those vaccinated. 

The onsets for this group were comparatively 
mild, with headache and fever the outstanding 
complaint. Only two of the seven patients were 
hospitalized, the early case of W. W. in 1941 and 
W. B . in 1942. The latter was a fifty year old male 
and from past experience a much more serious 
illness might have been expected. The hospital 
physician insisted this patient had only a sinusitis, 
but a few macules were seen at the anterior axillary 
lines on the evening of the sixth day, which dis- 
appeared by the next morning. This finding 
together ^^dth the serological studies indicated that 
the correct diagnosis was typhus fever. The 
other five cases were treated in their homes. 
Two of them were suspected of having typhus fever 
and were cared for by ph 3 ^sicians of the Typhus 
Unit. No very definite exantliem was ever seen, 
although on the sixth day in each instance 3-5 
macules were obser\xd either in the axilla or on 
the chest. The other three cases were treated by 
outside physicians and were diagnosed as strep 
throat,” ‘‘grippe,^^ and ‘‘pneumonitis.” They 
were very mild illnesses and only by the laboratory 
studies was the diagnosis of typhus fever made. 

These seven cases of typhus fever had relatively 
short febrile illnesses, an average of 6.8 days as 
compared to 17.1 for the unvaccinated group. 
Their confinement to bed was but slightly greater 
(average 7,1 days) than the duration of tempera- 
ture elevation. In only two cases was convales- 
ence at all prolonged, the early case, and that in a 
3 "oung female. In three of the seven cases tlie 
patient returned to full duty in one week from the 
onset. 

Clinically none of these last six cases were con- 
sidered very ill. Headache and perspiration were 
the only complaints during the illness. Typhus 
would not have been considered in four of the cases 
except for the serological studies. As can be seen 
from the data presented in the table there was a 
marked rise in complement-fixing antibody in each 
case coincident with the illness. The peak titre 
was reached shortly after defervescence of fever 
and then gradually declined. It was further noted 
that tlie Weil-Felix titres in none of the vaccinated 
patients reached the heights commonly seen in the 
unvaccinated ones, in fact three of the seven 
vaccinated cases failed to develop a Weil-Felix of 
significant titre. 


DISCUSSION 

Marked differences in case severity have been 
demonstrated in vaccinated and unvaccinated 
individuals who develop laboratory infection wth 
typhus fever. No attempt has been made to 
determine which of these cases was infected unth 
an endemic (murine) or which with an epidemic 
(classical) strain of virus. It might well be that 
the early cases were infected 'with endemic virus, 
since most of the investigations at that time were 
concerned with the murine strain of typhus fever 
virus. The more recent cases might well have been 
infected with the epidemic form since much of our 
recent work has been with this t 3 ^e of virus. Dur- 
ing both periods however, exposure to both forms 
of virus was undoubted^ present and any attempt 
at separation now would be untrustworth 3 % 

The second question which naturally arises con- 
cerns a loss of virulence in our strains of virus 
during this fifteen year period. We can onl>- state 
that when judged by the behavior of these strains 
in guinea pigs, neither of our two stock strains 
(Breinl and Wilmington) has made any measurable 
change during this period. The incubation period 
and the duration of fever in the guinea pigs is 
identical to tliose of ten years ago. Exposure in 
the recent cases was mainly to t 3 'phus virus which 
had been cultivated in fertile eggs. It is possible 
that with adaptation to the 3 ^olk-sac the virus may 
lose some of its virulence for humans.= 

It is of considerable practical importance tliat a 
persistently negative Weil-Felix reaction may not 
be a reliable test in excluding typhus fever in 
vaccinated individuals. If we had relied entirely 
upon a positive Weil-Felix test for laborator}" 
confirmation we would have missed several of our 
cases. 

In tliis connection it might be well to recall 
Hunter’s observ^ations in 1929. He inoculated 
rabbits with typhus virus and after a suitable time 
they developed agglutinins for Proteus OX 19. 
After several months, when the Weil-Felix had 
returned to the normal level, the rabbits were 
re-inoculated, some with Rocky Mountain Spotted 
Fever and some with t 3 ^phus vims. Those recciv- 

2 Since tliis was written, we have had a case of t 3 "phus 
fever in an unvaccinated individual, a casual visitor. 
His course was very similar to that of S. E. S. in table 
1. In this case the incubation period was fourteen 
da 3 ^s following exposure to yolk-sac virus of the Breinl 
strain of epidemic typhus virus. 
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ing the heterologous material again developed a 
positive Weil-Felix but those receiving the homolo- 
gous strain failed to develope a rise in agglutinins 
for Proteus OX 19. Several years ago Munter^s 
observations were confirmed in this laboratory. 
Chart ^ 1 is included to illustrate graphically the 
results. It is possible that potent typhus vaccine 
may produce sufficient immunity in humans that 
they, when subsequently infected, fail to produce 
consistently agglutinins for Proteus OX 19. This 
might be of importance in morbidity studies in 
groups of vaccinated and unvaccinated people, 
especially so if the Weil-Felix test is the only one 
being used as confirmation of the clinical diagnosis. 

With the exception of the first vaccinated case 
of typhus the symptoms in the vaccinated group 
were very mild and quite atypical. This modifica- 
tion in the clinical course of the illness may offer 
difficulties in the diagnosis, and should be kept 
in mind in areas of typhus fever where widespread 
vaccinations have been accomplished. 

Mooser has indicated that the amount of func- 
tioning virus and the number of infected lice is 


proportionial to the severity of the illness. We 
attempted isolation of virus from two of the un- . 
vaccinated cases (S. E. S. and H. C. T.). A single 
sample of blood was withdrawn about the fifth 
day of illness and inoculated into guinea pigs. 
From H. C. T. this resulted in the isolation of a 
typical endemic strain of typhus fever. Daily 
attempts at isolation of virus were made on two 
of the vaccinated cases (W. B. and P. P.), and on a 
third case (R. G. H.) three attempts were made. 
Whole blood was inoculated into fertile eggs as 
well as intraperitonealiy into guinea pigs, but we 
were unsuccessful in isolating the etiological agent 
Our experience suggests that there may be quanti- 
tative differences in the amount of circulating virus 
between cases of typhus fever in vaccinated and 
unvaccinated individuals. If typhus vaccine will 
modify cases in the field as it apparently modifies 
laboratory infections, it might interrupt the 
epidemiological chain of louse-man-Jouse and 
control epidemics of typhus fever even though 
not entirely preventing the disease. 
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PROLOGUE 

As the writer has perused the records of the 
Society, including those of the annual business and 
scientific sessions, the numerous council meetings, 
the secretary's reports and Doctor Swan's brief 
history of the first decade of its existence, he has 
come to regard the organization as a living entity, 
with desires and ambitions, successes and failures. 
jMoreovcr, not all of tlie events of any being’s 
existence are a matter of record, and some of the 
unrecorded occurrences have even more warmth 
and personality than tlie recorded ones. Such 
has been the case vdth our Society. The more 
important incidents in the first forty years of the 
life of the Society form the basis for this brief 
biographical sketch. 

FORMATION AND EARLY YEARS OF THE SOCIEXY 

According to the first entry in the Mbute Book 
of the Society “a meeting was held at 1319 Spruce 
St., March 9, 1903 for the formation of a Society 
in Philadelphia for the Study of Tropical 
Diseases.” For several months previously the 
matter had been under consideration, as indicated 
in the following two letters written by Doctor 
Thomas H. Fenton. The first was dated January 
29, 1903 and was addressed to Dr. W. W. Keen; 
the second was dated Februar>^ 28, 1903 and ^vas 
addressed to a number of practicing physicians in 
Philadelphia. 

Dear Dr. Keen, 

As is well known, there arc many areas \nthin the 
United States proper which arc subtropical, and the 
new possessions of our country are almost or wholly 
tropical. This would seem to make it necessary that 
the profession should give closer attention, perhaps, 
to what arc considered tropical diseases. It will cer- 
tainly be admitted that in a centre of medical education 
like Philadelphia there should be opportunity afforded 
for this kind of study. This wew is confirmed by the 

* Raid at the Tliirty-Ninth Annual Meeting of the 
American Society of Tropical Medicine, Cincinnati, 
Ohio, November Ifi-lS, 1^3. 


recent establishment in this city of a course of lectures 
on “Tropical Diseases”. I have thought for a long 
time that the existence of a sodety, at the meetings of 
which these topics would be considered, would perhaps 
act as a stimulus to the promotion of these studies, and 
favor the development and increase of our knowledge 
in this particular direction. All to whom I have 
spoken are heartily in accord with the proposal, and 
seem, furthermore, willing to join such an organization. 
The society need not be a large one nor involve, by 
frequent meetings, too much tax upon the time of a 
busy practitioner. If you incline favorably to the 
views axpressed, I shall be glad to have you meet a few 
physidans at my house on ^londay evening, February 
2nd, at 8:15, for the purpose of discussing the expedi- 
ency of forming such a sodetj\ 

Very truly yours, 
Thomas H. Fenton 

Dear Doctor: 

At an informal meeting held Feb. 2nd, the question 
of forming in this dty a sodety for the study of Tropical 
Diseases was favorably considered. The consensus 
of opinion of those present and of a number who had 
sent letters in response to the call, was, that tlic time 
is ripe for the formation of such a sodety in Phila., 
somewhat on the following lines. The membership 
should be somewhat restricted in numbers and should 
indude a list of honorary and corresponding members, 
the dues should be merely nominal and the number of 
meetings confined to three or four yearly. If you 
incline favorably to this view, the undersigned Com- 
mittee vail be glad to have you attend a meeting for 
the further consideration of the subject, on Monday, 
March 9th, at 8:30, P.M., at 1319 Spruce St. 

Thomas H. Fenton 
See, 

Wharton Sinklkr. 

JuDSON Daland- 
JosEFH McFarland. 

James C. Wilson. 
jAifES ^f. Anders. 

Committee 

The years immediately preceding the birth of 
tlie Society had been very important to American 
physidans in the field of tropical medidne. As 
never before the problems of disease in warm 
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climates had been thrust upon their consciousness 
by the American occupation of the Philippines and 
Puerto Rico and the undertaking of the Panama 
Canal. Cholera and plague had invaded the 
Western Hemisphere. Yellow fever was still 
unconquered, even though Walter Reed and his 
colleagues had provided the solution and Gorgas 
had started his successful sanitarj’^ campaigns to 
eradicate the disease from urban centers. Malaria, 
hookworm disease and deficiency diseases were 
serious public health problems in the Southern 
United States as they were in the American 
Tropics. 

The charter group of the Philadelphia Society 
consisted of well kno\Mi clinicians belonging to the 
College of Physicians of Philadelphia, but they 
were not experienced in the field of tropical 
medicine. 

Thirty-eight doctors indicated their intention of 
joining the new Society but onl}’’ twent 3 ’'“One be- 
came active members in 1903 and only twenty- 
eight signed the charter. They included the 
following: internists (Roland G. Curtin, Hobart 

A. Hare, James M. Anders, James C. Wilson, B. 
Franklin Stahl, Judson Daland, John H. Musser, 
Alfred Stengel, J. Chalmers Da Costa, John M. 
Swan); pathologists (Joseph McFarland, W. M, L. 
Coplin); neurologists and ncuropsychiatrisls (T. H. 
Weisenberg, D. J. McCarthy, F. X. Dercum, J. K. 
Mitchell); dermatologists (Hcnr>" W. Stelwagon, 
John V. Shoemaker); a surgeon (W. W. Keen); 
ophthalmologists (Thomas H. Fenton, George E. 
dc Schweinitz, S. D. RisW); car, nose and throat 
specialists (E. B. Gleason, B. Alexander Randall); 
a urologist (Orville Horwitz); a therapeutist (S. 
Solis Cohen), and general practitioners (Wharton 
Sinkler, Samuel G. DLxon). The majority of this 
group held outstanding professorial positions in 
the faculties of the University of Pennsylvania, 
the Jefferson ^Icdical College and the Medico- 
Chirurgical College which later became the Post- 
Graduate ^fcdical School of the University of 
Pennsylvania. 

At the organization meeting by-law's w'cre 
formulated and the following officers and council- 
lors w'cre elected: President, Thomas H. Fenton; 
Vice-Presidents, James C. Wilson and James M. 
Anders; Secretary', Joseph McFarland; Assistant 
Secretary’, no nomination (position soon thereafter 
filled by election of John Sw-an); Treasurer, E. 

B. Gleason; Councillors, John V. Shoemaker, 
Roland C. Curtin, Orville Honntz, Judson 
Daland, Hobart .A. Hare. The name selected for 


the organization w’as “Society of Tropical Medicine 
of Philadelphia, but at the first council meeting 
held March 20, 1903 a motion was carried to change 
the name to the “American Society of Tropical 
Medicine’^ “to conform to the national idea,” and 
this change w'as incorporated in the by-law’s. 
These governing articles provided for three groups 
of members, active, corresponding and honoraiy’. 
Only ph 3 ’sicians w'cre eligible for election to the 
first t^vo groups, w’hile an honorar}’* member was 
defined as “a scientist w’ho has made eminent 
contributions to tropical medicine.” 

On Ma 3 '‘ 25, 1903 a charter adopted which 
^vas to incorporate the AiCERiCAN Soctety of 
Tropical Medicine in the County of Philadel- 
phia, State of Penns 3 dvania. (This charter did not 
actually become effective until some time between 
February 18 and March 21, 1904, follow’ing its 
signing b 3 ’' the charter membership.) The Society 
operated under this legal instrument until 1933, 
\vhen a new’ Constitution and B 3 ’-Law's were 
adopted. 

The first honorary members, elected on Decem- 
ber 7, 1903, w’ere as follo^Ys: Brig.-General William 
H. Forwood (M.C., U.S.A.), Rear-Admiral P. M. 
RLxey (M.C., U.S.N.), M. J. Rosenau, Charles W. 
Stiles, W. C. Gorgas, James Carroll, D. E. Salmon, 
Aristides Agramonte, John Guiteras, Patrick 
Manson, George H. Nuttall, A. Laveran, Robert 
Koch, Major George Lamb, A. Calmette, William 
hlurrcll, C, F. IMartin, William H. Welch, George 
M. Sternberg, Ralph Stockton, Charles D. F, 
Philips and Frederick Montizambert. 

Meanw’hile the Society planned to hold tw’O or 
three scientific meetings a year in Philadelphia in 
addition to the Annual hleeting, in order that 
medical students as W’cll as physicians might be- 
come acquainted with the special problems and 
advances in tropical medicine. The first of these 
public sessions w’as held at the University of 
Pennsylvania on January 9, 1904 and w’as ad- 
dressed by James Carroll, Surgeon, U. S. Arm 3 % on 
“The Etiolog 3 ’’ of Yellow Fever.” 

On Februar 3 ’’ 18, 1904 nine new’ active members 
w’cre elected, including three w'ho resided outside 
the Philadelphia area. 

The First Annual Meeting of the Society w'as 
held in Low’cr Hall, College of Physicians of Phila- 
delphia on hlarch 21, 1904. It consisted of an 
exhibit of pathological material on anesthetic 
lcpros>’, amebic and badllar 3 ’ d3’scnteo% 
abscess, duodenum “w’ith uncinariac in 5//n» 
Lcishmania dojicrvani in blood films sent by Sir 
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Patrick Manson, and Byrncnolepis nana^ and was 
followed by a private business meeting. At this 
session the Secretary reported that there were 30 
active members, six corresponding members and 
22 honorary members. 

At the Council Meeting on December 4, 1904 it 
was unanimously voted “to recommend to the 
Society that some action be taken upon the sug- 
gestion of Sir Patrick Manson, that it would be 
wise to endeavor to secure public school training 
in the hygienic prophylaxis of tropical diseases in 


conjunction with large medical gatherings. Be- 
ginning with the 27th Annual Meeting (1931) the 
yearly sessions have year by year been held in 
association with the Southern Medical Assodation . 

ilEMBERSHIP 

The original By-Laws called for election to active 
and to corresponding membership of physidans 
interested in tropical medicine, and to honorary 
membership of eminent scientists whose contribu- 
tions included tropical diseases. These three 



Fig. 1. Active membership curve of the American Society of Tropical ^Medidne. The number of members 
in good standing is indicated on the ordinate and the years on the abscissa. The broken line indicates the year 
(1918) when no meeting was held on account of the influenza epidemic. 


Hawaii, Porto Rico and the Philippine Islands/’ 
(Adopted at the Second Annual Meeting, March 
24, 1905). At this same council session it was 
urged that lists of nominees for active membership 
be secured from outside Philadelphia. This effort 
was fruitful, since the Society elected at the 
Second Annual meeting 26 active members, of 
whom only four were Philadelphians. 

The Third Annual Electing convened in Phila- 
delphia on March 21, 1906. Although public 
scientific sessions were subsequent!}^ held in 
Philadelphia under the auspices of the Society, 
all annual meetings following the third were con- 
vened in other cities, at times separately, but for 
the most part and with increasing consistency in 


categories vrerc maintained through 1928, when 
the corresponding membership list was abolished. 
Corresponding and honorar}’^ membership lists in- 
cluded both American and foreign workers in the 
field, many of whom were the most distinguished 
contributors of their time to tropical medicine. 
At the Fifth Annual IMeeting (Jklarch 28, 190S), 
paragraphs 2 and 3 of Article I of the By-Laws 
were amended so that medical scientists might he 
admitted to active and corresponding membership. 
This step was taken because at a previous meeting 
a distinguished medical zoologist not holding an 
M.D. degree had by mistake been elected to 
active membership. To rectify this error od 
vilcrim this member was transferred to honorar>’ 
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membership. At the following (Sixth) Annual dency of the Society in 1909. In 1939, at the 
Meeting (April 10, 1909) the first “scientisU^ was Thirty-fifth Annual Meeting, the Society adopted 
technically elected to active membership, namely amendments to the Constitution (1933), creating 

TABLE 1 


Mevihcrship of the American Society of Tropical Medicine 


YEAR 

ACTI\X 

CORRE- 

SrONDlNG 

HONOR.VRY 

EMERITUS 

LIFE 

REMARKS 

1903 

21 

0 

22 




1904 

30 

6 

34 




1905 : 

50 

6 

36 




1906 

61 

3 

40 




1907 

66 

17 

41 




1908 

99 

17 

42 




1909 i 

107 

18 

42 




1910 

131 

17 

42 




1911 

120 

17 

40 




1912 

120 

17 

37 




1913 

121 

17 

37 




1914 

113 

17 

37 




1915 

112 

17 

35 




1916 1 

117 

17 

33 




1917 

119 

16 

30 




1918 

1 





No meeting; influenza year. 

1919 

123 

17 ! 

35 




1920 

108 

19 

29 




1921 

107 

11 

27 




1922 

163 

18 

17 




1923 

163 

18 

17 




1924 

191 

22 

17 




1925 

181 

16 

17 




1926 

180 

17 

15 




1927 

190 

21 

1 15 




1928 

195 

22 

15 



Corresponding Memberships Abolished 

1929 

237 


15 




1930 

252 


15 




1931 

261 


14 




1932 

300 


12 




1933 

340 


18 



New Constitution 

1934 

i 366 


15 




1935 

! 412 


21 




1936 

403 


16 




1937 

410 


19 




1938 

458 


22 




1939 

488 


22 



Emeritus and Life Memberships Established 

1940 

520 


21 



Corresponding Memberships Reestablished 

1941 

516 


20 

3 



1942 

650 


20 

4 



1943 

952 


20 

4 




Miss Clara S. Ludlow, Ph.D. In passing, it is 
interesting to note that Dr, W. C. Gorgas was 
requested to resign from honorary membership in 
order that he might be made an active member 
and thus become eligible for election to the Presi- 


the categories of Life and Emeritus members, and 
in 1940, at the Thirty-sixth Annual Meeting, an 
additional Constitutional Amendment reestab- 
lished corresponding membership for persons 
resident outside the Continental United States. 
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• By 1911 the active membership list had reached 
120. Many of the original group in ’Philadelphia 
•resigned as their interest gradually waned, a few 
members had died, while several were dropped 
after non-payment of dues for five years. An 
appreciable increase in active membership at- 
tended the publication of the American Journal of 
Tropical Medicine in 1921. Since that period the 
growth in membership has' been substantial and 
during the period since 194rit has increased with 
unusual rapidity. As of November 10, 1943 there 
were 952 activ’^e members in good standing of whom 
316 had joined since the Annual Meeting in 
November 1942. 399 of the total were personnel 
of the armed forces of the United States. The 
emeritus group included 4 and the honorary mem- 
bership 20 (see fig. 1, table 1). 

PUBLICATIONS 

From the first year of the Society's existence 
there was evidence of a desire for the dissemination 
of printed information in its special field. Not 
only the lectures delivered at the Annual Meetings 
and at public scientific meetings but papers sent 
in by corresponding members provided copy for 
publication. During the first decade of its history 
these manuscripts were published in a wide range 
of medical journals, including New York Medical 
Journal, American hledicine, Journal of the 
American Medical Association, Journal of Infec- 
tious Diseases, Boston Medical and Surgical 
Journal, American Journal of Medical Sciences, 
New Orleans Medical and Surgical Journal, 
Medical Record, Southern Medical Journal, 
Archives of Internal Medicine and Journal of 
Experimental Medicine. Reprints of these papers 
were bound together and issued to the membership 
and to exchange correspondents, beginning with 
volume I (1904-1905) and continuing through 
volume VI (1912). Thereafter the scientific 
papers were published dc vovo (volumes and 
IX, 1913 and 1914) by the Tulane University 
Press; volumes X, XI and XII, 1916, 1917, 1918, 
by the New Orleans hledical and Surgical Journal 
and from 1920 to the present time in the Society’s 
o\xn official organ, The American Journal of 
Tropical Medicine. During the year 1915 these 
papers, Nvithout volume designation, appeared in 
the American Journal of Tropical Diseases and 
Preventive Medicine (New Orleans). 

The American Jounial of Tropica] Medicine, the 
official Society publication, is so well kno\\Ti to 
all of the membership and friends of the Society 


that only brief mention need be made- of it and of 
its editors. Its inception was due primarily to 
Doctor Henry J. Nichols, who negotiated a 
favorable contract for its publication with Williams 
& Wilkins in 1920. Beginning in January, 1921, 
and bimonthly since that time the Journal has 
built up an increasing number of member and 
non-member subscribers. Doctor Nichols nur- 
tured this offspring through its first six 3 ^ears until 
his sudden death in 1927, since which time it has 
developed to maturity under the able editorship of 
Doctor Charles F, Craig, 

PATHOLOGICAL COLLECTION ANB LIBRARY 

During the first decade of its existence the 
Society actively cultivated a museum of tropical 
diseases and a library. These no doubt created 
considerable tangible pride on the part of the 
membership but they also provided a basis for 
acquiring first-hand and authoritative information 
on parasitic and tropical medicine. Many of the 
honorary members made generous contributions to 
both of these assets and the collected volumes of the 
Society’s Transactions made advantageous ex- 
changes possible. During the earlier years of its 
life the Minute Book of the Society faithfully 
recorded the receipt of all these contributions. 
The books and reprints were deposited in the 
Army Medical Museum and later placed in the 
Allen J. Smith collection of the Army IMedical 
Library. The vTiter has been unable to learn 
where the pathological material and the charter, 
the original legal instrument of the Society, arc 
located. 

OFFICERS 

Each 3 ’^ear, with the publication of the Minutes 
of the Annual jMeeting, a list of the past presidents 
of the Society has been incorporated. No sucli 
record of the other officers has been included. 
Since the life and growth of the Society has in 
considerable measure been due to the untirbg 
efforts of the Secretaries, it seems desirable to 
incorporate in this sketch a list of these devoted 
workers, together vith the periods when they 
served; 

Joseph McFarland (1903-1906) 

John IL Swan (1907-1918) 

Sidney K. Simon (1919-1921) 

Bray ton Howard Ransom (1922-1924) 
Benjamin Schwarts (1925-1928, 1930-1931} 

E. Peterson (1929) 

Hcnr>‘ E. IMclcncy (1932-1954) 
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Alfred C. Reed (1935) 

Paul Hudson (1936-1937) 

E. Harold Hinman (1938-1942) 

Joseph S. D’Antoni (1943-) 

Foi a period of a decade or more preceding the 
adoption of the new Constitution in 1933 it had 
become the precedent that a member elected as 
councillor would year by year be elevated one 
step nearer the presidency and would attain the 
chair in eight years, even though he might not 
have attended any of the annual meetings during 
the intervening years. This dangerous custom, 
together with the fact that the Society was not 
complying with the requirement of the Charter 
that the annual corporation meetings be held in 
Philadelphia, led to the adoption of the new Con- 
stitution. 

ANNUAL MEETINGS 

As previously stated, the first three annual 
meetings (1904, 1905, 1906) were held in Phila- 
delphia, and thereafter the meetings took place 
in other cities. The Fourth Annual Meeting 
(1907) was held in New York; the Fifth (1908), 
at the Johns Hopkins University in Baltimore; 
the Sixth (1909), at the U. S. Naval Medical 
School in Washington, D. C.; the Seventh (1910), 
at the St. Louis University Medical School in St. 
Louis; the Eighth (1911), at Tulane University 
in New Orleans; the Ninth (1912), in Atlantic 
City; the Tenth (1913), with the Congress of 
American Physicians and Surgeons in Washington, 
D. C.; the Eleventh (1914), at Harvard Medical 
School in Boston; the Twelfth (1915), on the 
ground of the Pan-American International Ex- 
position in San Francisco; the Thirteenth (1916), 
in Washmgton, D. C.; the Fourteenth (1917), in 
New York; (the 1918 meeting, which was scheduled 
in Asheville, N. C. with the Southern Medical 
Association, was called off because of the epidemic 
of influenza); the Fifteenth (1919), in Atlantic 
City; the Sixteenth, (1920), in New Orleans; the 
Seventeenth (1921), in Hot Springs, Ark.; the 
Eighteenth (1922), in Washington, D. C.; the 
Nineteenth (1923), in San Frandsco; the Twen- 
tieth (1924), in Chicago; the Twenty-First (1925), 
in Washington, D. C.; the Twenty-Second (1926), 
in Washington, D, C.; the Twenty-Third (1927), 
in Boston; the Twenty-Fourth (1928), in Wash- 
ington, D. C.; the Twenty-Fifth (1929), with the 
Southern Medical Association in j\4iam2, Fla.; 
the Twenty-SLxth (1930), with the American 
Assodation for the Advancement of Science in 


Cleveland; the ‘Twenty-Seventh (1931), with the 
Southern Medical Assodation, in New Orleans; 
the Twenty-eighth (1932), with the S. M. a! 
in Birmingham; the TAventy-Ninth (1933), with 
the S. M. A., in Richmond; the Thirtieth (1934), 
with the S, M. A., in San Antonio; the Thirty- 
First (1935), with the S. M. A. in St. Louis; the 
Thirty-Second (1936), with the S. M. A.^ in Balti- 
more; the Thirty-Third (1937), with the S. M. A., 
in New Orleans; the Thirty-Fourth (1938), with 
the S. M. A., in Oklahoma City; the Thirty- 
Fifth (1939), with the S. M. A., in Memphis; the 
Thirty-Sixth (1940), with the S. M. A., in Louis- 
ville; the Thirty-Seventh (1941), with the S. M. A., 
in St. Louis; the Thirty-Eighth (1942), Avith the 
S. M. A., in Richmond; and the Thirty-Ninth 
(1943), with the S. M. A., in Cincinnati. 

LECTURESHIPS 

During the early years of the Society in Phila- 
delphia attempts were successful in bringing to 
the membership and guests distinguished lecturers 
on tropical diseases. However, it was not until 
1936 that the first lectureship was actualty es- 
tablished. Beginning in that year and annually 
since then the Charles Franklin Craig Lecture has 
been delivered by authorities in special fields of 
tropical medicine. 

AWARDS AND MEDALS 

Walter Reed MedaL — In 1933 the Council re- 
quested that the Society appoint a spedal com- 
nittee to investigate the “establishment of a 
medal to be awarded periodically.” The foUow- 
ing year at the Thirtieth Annual Meeting this 
Committee on the Medal recommended that the 
medal be designated as the “Walter Reed Medal” 
and that it “be awarded in recognition of meritori- 
ous achievement in tropical medicine by an indiwd- 
ual or an institution.” (The conditions of award of 
the Walter Reed Medal were published in the 
American Journal of Tropical Medicine, vol. 19, 
pp. 94-96, 1939). This medal (cast in bronze) 
was first awarded at the Thirty-Second Annual 
Meeting (1936). One medal was presented to 
the widow of Walter Reed and one was awarded 
to the Rockefeller Foundation for its study and 
control of yellow fever. Additional awards hav’^c 
been made as follows: In 1939, to Dr. William B. 
Castle, of Han^rd University; in 1940, to Dr. 
Herbert C. Clark, of the Gorgas Memorial Labo- 
ratory; in 1942, to the United States of Brazil “for 
outstanding work in the eradication of Anopheles 
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gambiae from Brazil/* and to i)r. Carlos J. Findlay 
(posthumously). 

Bailey K, Ashford Award and Medal , — ^In 1940 
the Council accepted the generous offer of Eli 
Lilly and Co. to award a sum of One Thousand 
Dollars, together with a bronze medal, to an out- 
standing worker not over thirty-five years of age, 
the award to be designated as the Bailey K. Ash- 
ford Award. This honor was bestowed for the 
first time in 1941, on Dr. Lloyd E. Rozeboom, of 
the Johns Hopkins University, while in 1943 Dr. 
Norman Topping, of • the National Institute of 
Health, U. S. P. H. S., was designated as the 
awardee. 

SEAL 

In 1936 the Council adopted an Official Seal for 
the Society. Around the rim of the seal is the 
caption “American Society of Tropical Medicine.” 
Within the inner circle in a tropical setting is a 
Roman goddess of health on a stone seat, extending 
a lamp of knowledge to a venomous serpent, the 
symbol of healing. In the lower left quadrant, 
engraved on the seat and its pediment, is the 
motto “salus in tropids.” 

THE SOCIETY AND TROPICAL MEDICINE 

The members of the organizing group in Phila- 
delphia were not acquainted with the diseases of 
warm climates but were impelled by a desire to 
learn and to have their medical students become 
familiar with these diseases. They were fortunate 
in selecting as honorary members men like Patrick 
Manson and William C. Gorgas, who inspired 
them and directed their energies. Soon afterward 
American practitioners and investigators in the 
malarious and hookworm-infested Southern States, 
in Cuba, the Panama Canal Zone, the Philippines, 


China and Africa became active and corresponding 
members and added both experience and interest 
to the Society. The membership were in no small 
measure responsible for the formation of the origi- 
nal National Malaria Committee, while the epi- 
demiological observations and clinical studies of 
several members compelled recognition of the 
importance of hookworm disease in the Southern 
United States, leading to the organization of the 
Rockefeller Hookworm Commission. 

The Journal of the Society has year by year 
since its founding in 1920 disseminated an in- 
creasing amount of valuable information through- 
out the world. 

The American Society of Tropical Medicine has 
always been intensely interested in formal training 
in tropical medicine both for post-graduate physi- 
cians and undergraduate medical students. In 
its early days it recorded its approval of the Post- 
Graduate Courses in Tropical Medicine at the 
University of Pennsylvania and in later years at 
business sessions considered recommendations for 
sponsorship of Schools of Tropical Medicine at 
the University of California and at Tulane Uni- 
versity. Since 1939 there have been two Com- 
mittees on Education in Tropical Medicine which 
have stimulated interest in the subject on the part 
of the Association of American Medical Colleges 
and the National Research Council. 

Today, as the Society looks into its forty-first 
year of activity, with an active membership of 
952, it speaks for American medicine throughout 
the warm climates of the world. Its present and 
future responsibilities will be increasingly heavier. 
It can not be content with the aim of the founding 
fathers “to study tropical diseases,” but must 
put knowledge into action by bringing these diseases 
one by one under control. 
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INTRODUCTION 

\Miile Primates in general are susceptible to 
infection with yellow fever virus, marmosets and 
tamarins, which, belong to the family Callitrichidae, 
were considered to be less susceptible than most 
other Primates. 

Stokes, Bauer, and Hudson (1), in their classic 
study on yellow fever in West Africa, included 
Brazilian marmosets among the animals used for 
the isolation of the causative. agent. The blood of 
each of two patients suffering from yellow fever 
was inoculated into a marmoset and a rhesus 
monke3% In one instance, the virus was isolated 
in the monkey but not in the marmoset; in the 
other, the monkey survived and became immime, 
while the marmoset died of unknown cause. Davis 
(2) was able to carry yellow fever virus through at 
least four passages in both the marmoset (Cal- 
liihrix alhicolis) and the tamarin (Leontocehis 
ursulus), Llo3'’d and Penna (3) reported that 
intracerebral inoculation of the French neuro- 
tropic strain produced a uniformly fatal encephali- 
tis in Callithrix monke3^s; similar inoculation in 
Lconiocehus msulus usuall3’’ was followed only by a 
febrile reaction, and only an occasional animal 
developed signs of central nervous system involve- 
ment and died. 

Since in many parts of Brazil in which jungle 
yellow fever occurs marmosets are very numerous 
and may conceivably play a role in the epidemiol- 
ogy of the disease, the susceptibility of ^ese ani- 
mals to different strains, especially jungle strains, 
of yellow fever virus was studied. 

MATERIAL AND METHODS 

Animals . — ^As there is still some confusion con- 
cerning the terminology of marmosets, a short 
description of the species used will be given. 

^ The work on which these observations are based 
was carried out under the auspices of the Servigo de 
Estudos e Pesquisas s6bre a Febre Amarela (Yellow 
Fever Research Service), which is maintained 5010113” 
b)” the jMinistO’ of Education and Health of Brazil and 
the International Health Division of The Rockefeller 
Foundation. 


The marmosets Callithrix leiicocephalcL (E. Geoff.) 
were captured by our field unit in two localities 
in the State of Espirito Santo (Morro de Argo las, 
Vila Velha, City of Vitoria, and Pau Gigante, 
Distrito da Sede), These animals are of medium 
size; adults have a total length of 500 to 550 mm. 
They are white or whitish on the front of the head 
and throat, have black preauricular hair tufts, 
and black ears. The body has a mottled appear- 
ance due to the coloration of the individual hairs, 
which are black at the base, then ocher with a sub- 
terminal black bar and white tips. The hands 
and feet are blackish-brown and the tail is ringed, 
black and white. 

The marmosets Callithrix jacchus (L.) came from 
various parts of Brazil. A few were captured by 
our field unit in the Tijuca woods, Federal District. 
All the others were bought at the local market and 
it was stated that they came from the States of 
Rio de Janeiro, Sergipe, Pernambuco, and Baia. 
According to general opinion C. albicollis (Spix) 
is a S3monym of C. jacchus (L.) and therefore the 
marmosets which \^re used by Davis and by 
Lloyd and Penna belong to this species. This 
species is of medium size; the total length of adults 
is 500 to 550 mm. Mature animals have a brown- 
ish-black head and nape, a bro\\Tiish-black neck 
which is often whitish, a whitish spot on the fore- 
head, and white or whitish preauricular tufts often 
tipped wdth black. The lower back is barred with 
ocher, black, and white, due to the individual hairs 
which have this coloration. The hind limbs, hands, 
and feet are black, washed wdth yellowish-white. 
The tail is banded black and white. Undeveloped 
animals have a general grayish coloration, with 
gray preauricular tufts which graduall>” turn white 
with increasing age. 

The lion marmosets Leontocehis rosalta (L.) were 
all purchased in the local market and presumabty 
came from the State of Rio de Janeiro. Thev” are 
somewhat larger than the two preceding species. 
The total length of adults is around 600 mm. 
General color of head, bod3”, and limbs is a golden 
yellow, darker (intermixed with blackish hair) 
on the head, limbs, and distal part of tail which is 
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bushy. The tufts of the inside of the ear are 
browTiish-black. The face and inside of the hands 
and feet are raisin colored. 

Methods of infection, — ^All marmosets were 
inoculated subcutaneously with infectious monkey 
serum; desiccated material was rehydrated to the 
original volume with distilled water and diluted 
to the desired concentration with 10 per cent 
normal monkey serum-saline. At first the volume 
of the inoculum was 0.5 ml., but this was soon 
reduced to 0.1 ml. and finally to 0.06 ml. The 
virus preparations used were always titrated in 
albino Sudss mice of eighteen to twenty-eight days 
of age. Serial tenfold dilutions of the rehydrated 
virus were made in serum-saline and each dilution 
was inoculated intracerebrally in 0.03 ml. amoimts 
into a group of six or twelve mice. All surviving 
mice were reinoculated intracerebrally after thirty 
days with approximately 5 X 10- MLD of Frenci 
neurotropic virus. Those which survived this 
challenge dose were considered to have received 
vims at the first inoculation. The titers were 
calculated by the method of Reed and Muench 
(4) on the basis of a combined 50 per cent mortality 
and immunity, and the total number of mouse 
MLD injected into the marmosets was ascertained. 

Comparative mortality shuiies, — ^In the experi- 
ments in which the mortality ratio of the different 
yellow fever virus strains in marmosets was stud- 
ied, large numbers of marmosets were inoculated 
on the same day with serial dilutions of the virus 
strain under study and generally two or more 
strains w'ere used in each experiment. As mar- 
mosets are rather delicate animals, and easily 
succumb to intercurrent infections when first 
placed in captivit}^ they were kept in the lab- 
oratory a month or more before being used. At 
first the temperature of the animals was taken 
twice daily, but this was abandoned when it be- 
came evident that marmosets very frequently fail 
to show a febrile reaction following infection with 
the virus; there was usually, however, a sharp 
drop in body temperature shortly before death. 
The animals were observed daity until their death, 
or up to thirty days postmoculation. All marmo- 
sets vrere autopsied as soon as possible, but about 
90 per cent of them died during the night. In 
most instances sections of liver, lung, heart, spleen, 
kidney, and suprarenal gland were taken in 10 per 
cent formol-saUne. The paraffin-embedded sec- 
tions were stained with H and E. 

Test for the presence of virus.— To determine the 
presence of virus in the blood stream, the inocu- 
lated marmosets were bled from the heart daily, 


and the serum was inoculated intracerebrally in 
0.03 ml. amounts into a group of six mice. As 
marmoset serum is toxic for mice on cerebral 
inoculation, it had to be diluted; the serum of C. 
lencoccphala and C. jacchus was diluted 1:3 in 
saline and that of L, rosalia 1:5. For titration 
purposes serial decimal dilutions of the blood 
specimen were made in 10 per cent normal monkey 
serum-saline and each dilution was inoculated 
intracerebrally in 0.03 ml. amounts into a group 
of six mice. Ail mice were obser\^ed for thirty or 
more days and the survivors were reinoculated 
intracerebrally with approximately 5 X 10- MLD 
of French neurotropic virus. Those which sur- 
vived this second inoculation were considered to 
have been immunized by the previous injection, 
and the titers of the first inocula were calculated 
as described above under Methods of Infection. 

Tests for the presence of immune bodies. — Marmo- 
sets surviving inoculation were bled around the 
thirtieth day of the experiment. The pre- and 
postinoculation serum specimens were tested at 
the same time in young mice according to the 
technique of Whitman (5). No marmoset reported 
here had circulating antibodies prior to the virus 
inoculation. 

Virus Strains Employed 
A/riean Straws 

Asibi strain. — ^This strain was isolated in June 
1927 by Bauer and Mahaffy from a Negro on the 
Gold Coast (Stokes, Bauer, and Hudson (1), 
Sa\%yer (6)) and since then it has been maintained 
by passage in monkeys. It is highly virulent for 
rhesus monkeys, killing about 95 per cent of them. 
We have worked with the seventeenth, thirty- 
ninth, fortieth, and forty-third rhesus monkey 
passages. 

French strain. — ^This strain was isolated in 
December 1927 from a Syrian in Senegal by 
Mathis, Sellards, and Laigret (7). It had been 
passed only through monkeys, eleven times at the 
laboratories of The Rockefeller Foundation in 
New York, and once in Rio de Janeiro. The 
number of passages through monkeys prior to 
arrival in New York is unknown, but is probably 
not more than four or five. This strain also is 
highly virulent for rhesus monkeys. 

South American Strains 

J. F. strain.— This strain was isolated by Soper 
cl al (8) in April 1932 from a Brazilian in the Valle 
do Chanaan, during the first recognized jungle 
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yellow fever epidemic. The eleventh monkey 
passage was used by us. This strain is of low 
virulence for the rhesus monkey; of the eleven 
monke 5 rs inoculated, only one died of yellow fever, 

M. A. J, strain, — ^This strain was isolated by 
H. A. Penna in 1935 in Taquaral, State of Goiaz, 
from a six year old girl suffering from a light case 
of yellow fever. The strain was established in 
rhesus monkeys; after the second rhesus passage 
it was passed three times in mice and since then 
has been maintained in rhesus monkeys. Of the 
thirty-six rhesus inoculated, twelve died of yellow 
fever. The twenty-first rhesus passage was used 
by us. . 

J, Z. strain, — ^This strain was isolated by the 
author in February 1937, in Maracaju, State of 
Mato Grosso, during an epidemic of jungle yellow 
fever. Isolation was accomplished in a rhesus 
monkey, using blood taken twenty hours after 
onset of illness in a case which was of medium 
severity and nonfatal. This strain has been pas- 
saged only through monkeys and has killed six of 
twelve rhesus used. The third, fourth, and fifth 
passages were employed for the marmoset ex- 
periments. 

0. C. strain, — ^This strain was isolated in Janu- 
ary 1940 by Fox and Manso in Santa Leopoldina, 
State of Espirito Santo, during a jungle epidemic. 
The case was a very mild one, of only three days 
duration, and virus was isolated in a rhesus monkey 
inoculated with blood taken thirty-four hours 
after onset of the disease. This strain has been 
passaged solely in rhesus monkeys and has killed 
seven of the twenty-one animals inoculated. Ma- 
terial representing from the first to fifth monkey 
passages was used in the present experiments. 

A, C. strain, — ^This strain was isolated in a 
rhesus monkey by L. AVhitman in Santa Leopol- 
dina, January 1940, from a light human case. 
The serum of the original monkey was used by us, 

Martinez strain, — ^Isolated in mice from 'a non- 
fatal case near Restrepo, Colombia, in 1936 by 
Kerr and Correa-Henao. After isolation it was 
passaged twice in rhesus, once through mice, twice 
through the squirrel monkey {Saiiniri sp,) and 
then once in a rhesus monkey. Serum from this 
last monkey was used by us. Bugher ct ah (9) 
state that rhesus monkeys rarety die after subcu- 
taneous inoculation with this strain. 

A, C, BoL strain, — ^This strain was isolated from 
a severe and fatal case in Santa Cruz de la Sierra, 
Bolivia, hlarch 1942, by J. Doria !Medina. The 
patient was first seen on the third day of illness, 
and blood taken fift}^ hours after the onset of the 


disease was inoculated intracerebrally into mice. 
Mouse brain representing the third passage was 
sent to Rio de Janeiro and was subsequently 
inoculated into two rhesus monkeys; both suc- 
cumbed to yellow fever. Desiccated blood-serum 
of these monkeys was used in our experiments. 
Two additional monkeys have been inoculated 
with this strain and also died of yellow fever. 

EXPERIMENTAL 

Callithrix jacchiis (L.) 

This species of marmoset is the most easily 
obtainable at the local market and therefore was 
used in the greatest numbers. One hundred and 
seventy-two animals were used in the different 
experiments reported here. 

Mortality Ratio of C, jacchiis Inoculated with 
Different Yellow Feroer 
Virus Strains 

Groups of marmosets were inoculated with vari- 
ous amounts of virus of several strains and ob- 
served for signs of illness. The experiments are 
given in detail below and the results are sum- 
marized in Table I. 

Asibi strain, — A total of sixteen marmosets, 
comprising three different experiments, were 
inoculated with the Asibi strain in its thirty-ninth 
to forty-third rhesus monkey passage. Three 
marmosets died after the thirteenth day of the 
experiment, but none had yellow fever lesions in 
the liver. Of the two marmosets which received 
1 X 10® MLD, one became immune and the other 
did not. All the others survived and became 
immune. 

It was considered possible that the results ob- 
tained may have been due to the use of Asibi virus 
modified by the numerous rhesus passages, and 
hence recourse was made to the seventeenth pas- 
sage material, the earliest available. Sbeteen 
marmosets, divided equally between two experi- 
ments, were inoculated with virus. Three died 
with j^ellow fever lesions in the liver and one died 
of pneumonia on the ninth day. Eleven of the 
twelve surviving animals were found to possess 
antibodies; the scrum of the twelfth animal, which 
had received 6 X 10® ^ILD of virus, was negative 
for neutralizing antibodies. 

The difference in the mortality ratio between 
the early and late passages of the Asibi virus is of 
questionable significance, although three marmo- 
sets died of yellow fever after the inoculation of 
the seventeenth rhesus passage virus. 
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Of the total of thirty-two marmosets inoculated 
with the Asibi strain, two apparently escaped 
infection, four died of unkno\\Ti cause without 
showing 3 ^eIlow fever lesions in the' liver; and only 
three died of 3 ^ellow fever. The remaining twenty- 
three animals became immune. 

French paniropic strain, — The French strain 
emplo^^ed in these experiments was probably not 
be^^ond its seventeenth rhesus passage. Twenty- 
two marmosets were inoculated with graded doses 
of virus in tliree different experiments. One 
animal escaped infection, three died of nonspecific 
causes, and five succumbed to yellow fever; the 


ments were inoculated. Seven of the animals 
died of yellow fever seven to twelve da\^ after 
inoculation, three died of unknovm cause on the 
seventeenth and eighteenth days, and five survived 
and developed humoral antibodies. 

M, A, /. strain, — ^In a single experiment, twelve 
marmosets were inoculated mth graded doses of 
virus representing the tu’enty-first rhesus passage 
of this strain. Nine of the marmosets died and 
three survived and became immune. 

.4. C. Bol, strain, — ^In two experiments fourteen 
marmosets were inoculated with graded doses of 
this strain. Eleven animals died of 3 ’'eilow fever, 


TABLE I 


Mortality of Callithrixjacchus Inoculated with DiffererU Yellow Fever Virus Strains 


NUMBER 
OF MAR- 
MOSETS 
INOCU- 
LATED 

\TRUS 

RESULTS 

Strain | 

Num- , 
ber of i 
pas- 
sages 
in 

rhesus 

Range of MLD of virus 

inoculated j 

Died of 
yellow- fever 

Survi%-cd 

Non- 

spe- 

cific 

deaths 

Yellow fever fatality 
rate 

Num- 

ber 

f-i 

c/3 

< 

Num- 

ber 

Num- 

ber 

im- 

mune 

16 

Asibi I 

39 to 1 

1 X 10" to 1.1 X 105 

0 

00 

13 

12 

3 

0/12 ( 0 p. c.) 
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16 

Asibi 1 

17 

6 X 101 to 6 ' X 10^ 

3 

5.6 1 

12 

11 

1 

3/14 (21 p. c.) 

22 

French 

=1=17 

2 X 105 to 1.5 X 1(P 

5 

6.0 

14 

13 

3 

5/18 (28 p. c.) 

22 

J.Z. 

3 to 5 

1 X 10® to 6.6 X 10* 

20 

7.5 

2 

2 

0 

20/22 (91 p. c.) 

IS 

o.c. 

1 to 5 

3 X 101 to 2.7 X 10* 

1 15 

S.l 

3 

2 

0 

15/17 (SS p. c.) 

15 

J.F. 

11 

2 X 10= to 1 X 105 

7 

9.0 

5 

5 

3 

7/12 (58 p. c.) 

12 

M.A.J. 

21 

1.2 X 10= to 1.2 X 105 

9 

7.0 

3 

3 

' 0 

9/12 (75 p. c.) 

14 

A.C.Bol. 

1 

4.8 X 101 to 4.8 X 10* 

11 

' 9.3 

1 

1 

2 

11/12 (92 p. c.) 

13 

Martinez 

3 

3.5 X 101 to 5 X 105 

3 

6.6 

5 

5 

5 

3/8 (38p.c.) 


* A.S.T. = Average survival time. 


remaining thirteen animals developed neutralizing 
antibodies. 

J, Z, strain, — ^Twenty-two marmosets in four 
different experiments were inoculated with graded 
doses of this strain in its third to fifth rhesus 
monke 3 ’' passage. Twenty of the animals suc- 
cumbed to infection and only two, which received 
1 X 10“ and 1 X lO'* 3VILD respectively, escaped; 
when bled later these were found to have developed 
neutralizing antibodies. 

0. C. strain, — In three different experiments 
eighteen marmosets were inoculated witli graded 
doses of this strain in its first, second, and fifth 
rhesus monkey passage. Fifteen marmosets died 
of yellow fever. Of the three survivors, two 
developed antibodies while the third, which pre- 
sumably received 2.7 X 10^ MLD, did not. 

J. F, strain, — ^Fifteen marmosets in two experi- 


two died (ninth and fourteenth days) of nonspecific 
causes, and one sundved and became immune. 

Martwez strain, — ^Thirteen marmosets were 
injected with this strain. Three animals died of 
yellow fever on the fifth, seventh, and eighth da 3 "s 
respectivety. Five others died on the sixth to the 
fourteenth da 3 ’’ of the experiment without specific 
liver lesions, although liver preparations from 
four of these presented fatty change and two of 
the four showed a few scattered necrotic cells. 
The remaining five animals survived and showed 
circulating antibodies on the thirtieth day of the 
experiment. 

The Circulation of Virus in C.jacchus 

The experiments described above show clearly 
that marmosets inoculated with most of the jungle 
strains in contrast to those inoculated with the 
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Asibi or French strains died as a result of the 
infection. It was of interest therefore, to compare 
the amount and duration of circulating virus in 
marmosets inoculated with strains of African and 
of South American origin. 

Six C- jacchiis were inoculated in pairs with the 
following virus strains: Asibi (forty-third passage), 
J.Z., and O.C. They were bled daily from the 
first to the seventh day of the experiment to test 
for virus in the circulation. As can be seen from 
Table II, virus was present for a considerable 
length of time in the blood stream of all the 
animals. 


French pantropic, O.C., and J.Z. Each marmoset 
was bled from the first to the eighth day of the 
experiment, and the individual daily serum samples 
were titrated in tenfold dilutions in groups of six 
mice. As the undiluted serum of this species of 
marmoset is toxic for mice when inoculated intra» 
cerebrally the titrations were started with a 10"^ 
dilution of serum. The results are presented in 
Figure I. 

Both marmosets inoculated with the Asibi strain 
were found dead on the tenth day; one died of 
yellow fever and the other apparently died of 
dysentery. 


TABLE II 

Circulation of Yellow Fever Virus in Callithrix jacchus 



yinvs INOCULUM 
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6 
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0 
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4.5 X 10' 

— 

+ 

+ 

+ 

+ 
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7 ' 

Yellow fever 

1 

0 

6 


4.5 X 10’ 

— 

+ 

+• 

+ 

+ 

+ 


11 

Late yellow fever 

i — 
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The two marmosets inoculated with the Asibi 
strain survived the infection. One animal died 
on the twentieth day of necrosis of the spleen but 
without yellow fever lesions of the liver, and the 
other was found to possess neutralizing antibodies 
in the serum thirty days after inoculation. The 
daily blood serum samples of these two marmosets 
never appeared to be icteric. 

The remaining four marmosets, inoculated with 
tlic J.Z. and O.C. strains, died on the fifth to the 
eleventh day of the experiment, and were found 
to have yellow fever lesions in the liver. Generally 
the blood serum drawm on the day before death 
"or on the day of death was icteric and the blood 
had a delayed clotting time. 

In another experiment four groups of two 
marmosets each w’cre inoculated with the follow^ing 
virus strains: Asibi (seventeenth rhesus passage), 


One of the pair of animals inoculated with the 
French strain died on the seventh day following a 
bleeding accident, and only a sHght scattered 
necrosis was seen in histologic preparations of the 
liver. The other animal survived, with the 
development of neutralizing antibodies. 

All four marmosets inoculated with the O.C. 
and J.Z. strains died with specific yellow’ fever 
lesions in the liver. 

Figure 1 sho\vs that vims w’as present in the 
blood stream in considerable amounts on two or 
more consecutive daj’^s, and circulated in com* 
parably high amounts after the inoculation of 
strains of either South American or African origin. 
However, the length of time that the virus circu* 
lated depended on the amount originally inocu- 
lated. Use of a large dose of vims resulted in a 
short period of circulating virus, while inoculation 
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of a small dose resulted in a much longer period of 
circulating virus. This is well shown after inocu- 
lation of African strains of virus, but is not so 
apparent with the South American strains, which 
usually kill the animal. 

Transmission of Virus , to C. jacchus by Bite of 
Mosquitoes 

It was considered possible that parenteral ad- 
ministration of relatively large amounts of virus 
may have influenced in some degree the outcome of 
the experiments and hence the effect of a more 
natural mode of infection was investigated, viz., 
marmosets were subjected to bites by infected 
mosquitoes. 

aegypli L. were permitted to feed on a 
rhesus monkey injected with A.C.Bol. virus, and 


These experiments show that the method of 
inoculation had no influence on the outcome of the 
infection and that marmosets can infect, and be 
infected by, mosquitoes. 

LEONTOCEBUS ROSALIA (l). 

Mortality Ratio of Z. rosalia Inoculated with 
Different Strains of Virus 

The pathogenicity for Z. rosalia of two African 
and two South American strains of virus was 
investigated. The experiments, summarized in 
Table III, are briefly presented below. 

Asibi strain, — ^Thirteen marmosets were inocu- 
lated with the Asibi strain in its fortieth and 
forty-third rhesus passage. AU the animals 
survived and when bled thirty days after inocula- 


TABLE ni 


Mortality of Leontocehus rosalia Inoculated with Dijfcreftt Yellow Fever Virus Strains 


NtnJBER OF 
ilARMOSETS 
INOCULATED > 

VIRUS 

RESULTS 

Strain 

i 

Number of* 
passages 
in rhesus 

Range of MLD of virus inoculated 

Died of yellow 
fever 

Survived 

1 

Non- 

specific 

deaths 

Yellow 

fever 

fatality 

rate 

Num- 

ber 


Num- 

ber 

1 

Num- 
ber im- 
mune 

■■ 


40 to 43 

1 X IQi to 1.5 X 10< 

0 

00 

13 

13 

0 

0/13 



±17 

1.3X101 tol.SXlO' 

0 

00 

7 

5 

0 

0/5 

■H 

J.Z. 

3 + 4 

2 X 10no2.4 X W 

10 

9.4 

0 

0 

1 

10/10 

4 

O.C. 

1 

1.5 X 10° to 1.5 X 10= 

4 

7.5 

0 

1 

0 

0 

4/4 


* A.S.T. = Average survival time. 


later were applied individually to a group of four 
marmosets; one marmoset was bitten by one 
mosquito, two marmosets by two mosquitoes each, 
* and the last by four mosquitoes. Four days later 
each marmoset was used to feed one of four 
different lots of mosquitoes, and afterwards was 
bled to verify the presence of virus. Virus was 
present in the blood stream of all the animals, and 
they died of yellow fever between the fifth and 
seventh days postinfcction. 

After a proper incubation period, the four 
mosquito lots were used to infect six marmosets. 
Four animals bitten b}’' fourteen, fifteen, seventeen, 
and eighteen mosquitoes respectively died of 
yellow fever on the fourth or fifth days of the 
experiment; the fifth, bitten by seven mosquitoes 
died of yellow fever on tlie seventh day and the 
last, bitten by two mosquitoes, died of 3’'ellow 
fever on the fourtli day. \^rus was present in the 
blood stream of all these animals. 


tion were found to have developed neutralizing 
antibodies. 

French pantropic strain, — Seven marmosets were 
inoculated with this strain and all survived. Two 
animals which received the smallest dose (1.3 X 10^ 
AILD) of virus did not develop neutralizmg anti- 
bodies, while the remaining five did so. 

J,Z, strain, — ^Eleven marmosets in two experi- 
ments were injected wdth the J.Z. strain, and all 
but one died of yellow fever. The exception, 
which had received 2.4 X 10^ ALLD of virus, died 
of pneumonia on the twenty-second day. 

0,C, strain, — Only four marmosets were avail- 
able, and all died of yellow' fever after inoculation 
with the O.C. strain. 

WMe the number of animals used in these 
experiments is small, the results are clear-cut: the 
South American strains W'cre highly lethal for the 
lion marmoset ^YhiIe the African strains were not. 
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Circuiatiou of Yellow Fever Virus in Leonlocchus 
rosalia 

Since in the preceding experiments lion marmo- 
sets did not die after inoailation with the Asibi 
or French pantropic strains, but succumbed to 
inoculation with tlie J,Z. or O.C. strains, it was 
of interest to determine whether this difference was 
reflected in the amount of virus drculating in the 
blood. Three marmosets were inoculated witli tlie 
Asibi strain (forty-third rhesus passage), two with 
the J.Z. strain, and three witli tlie 0,C. strain, and 


before, and on .tlie day of death were very icteric, 
and the blood clotted poorl 3 ^ 

In both animals inoculated with the J.Z, strain, 
virus circulated in the blood stream from the 
second to the seventh and last day of tlie test. 
One animal died on the seventh da}’’, primarily of 
a hemopericardium; the serum sample taken on 
this day was icteric. The other animal was found 
dead on the morning of the tentli da}’’; blood which 
had been dravm on the seventh day clotted onh’' 
partiall}^ and the serum was vei^^ icteric. 


TABLE IV 


Circulation Yellow Fever Virus in Lconfoccbus rosalia 
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bled from the heart daily for seven days to test 
for the presence of circulating virus. The sur- 
vivors were bled thirty da 3 ’’s later for immunit 3 ^ 
Table IV shows the results. 

The marmoset which received the largest dose 
of the Asibi strain showed virus in the blood stream 
onl}’^ from the fourth day onwards and survived. 
The seventh da}'* serum sample was sUghtly icteric. 
Two marmosets which received 10 and 100 times 
less virus, respectively, than the above animal 
showed circulating virus from the second day 
until death, which occurred on the sixth or seventh 
day, and was probably due primarily to a hemo- 
pericardium. The serum samples dra^vn the day 


The marmoset receiving the largest dose of the 
O.C. strain (Table lAO had virus in the blood 
stream from the second to the sixth da>’^, when it 
died of a bleeding accident; onl}’’ partial dotting of 
the blood occurred and the scrum was very icteric. 
The remaining two marmosets, which received ten 
times less virus, had virus in the drculation from 
the second to the sixth, or seventli and last, 
days of the experiment, survived and became 
immmie. 

The results of this experiment indicate that 
follomng inoculation of small amounts of tliese 
virus strains, tlie virus appears in the blood within 
forty-eight hours and persists for da 3 ’'S. No 
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differences were encountered which could be related 
to the origin of the strain. 

CALLITHRIX LEUCOCEPHALA (E. GEOFF.) 

Only twenty-two marmosets w^ere available for 
study, and these were tested against the Asibi, 
J.Z., O.C., and A.C. strains. Tw^elve marmosets 
were observed only for signs of infection and the 
remaining ten were bled daily on the first to the 
seventh day of the experiment to test for virus in 
the blood stream. 

Mortality Ratio of Callithrix leucoccphala Inoculated 
with Different Yellow Fever Virus Straws 

Asibi strain , — Seven marmosets were inoculated 
with doses ranging from 1 X 10' to 1.5 X lO^'MLD 
of Asibi virus. Six died of yellow fever on the 
fifth to the ninth day (average survival time 7.0 
days) of the experiment. The seventh animal, 
which had received 1 X 10^ MLD, died of unknown 
cause on the twentieth day. 

/.Z. Strain . — Only two marmosets were inocu- 
lated. These received 1 X 10^ and 1 X 10^ MLD 
of virus respectively and died of yellow fever on 
the fourth day of the experiment. 

O.C. Strain , — ^Three marmosets were inoculated 
with this strain. Two received 1.5 X 10' MLD 
and the other 1.5 X 10“ MLD of virus; all died of 
yellow fever on the fifth and sixth day of the 
experiment. 

Circulating Virus in Callithrix leucoccphala 

Ten marmosets were inoculated as follows: 
two wdth 2.4 X 10^ MLD of the Asibi strain, two 
"with 5 X 10' and 5 X 10“ IMLD, respectively, of 
the J.Z. strain, three with the O.C. strain (two wth 
3.7 X 10^ IVILD and one with '3.7 X 10- IvlLD), 
and three with the A.C. strain (two with 4,7 X 
10- ^ILD and one wdth 4.7 X 10' MLD). 

One marmoset, inoculated with 4.7 X 10' MLD 
of A.C. virus, show’cd a barely detectable amount 
of virus in the blood on the third day and died on 
the fourth day wdth yellow fever lesions in the liver. 
In the remaining seven marmosets inoculated mth 
the jungle strains, virus appeared in the blood 
^Yithin twenty-four to forty-eight hours and per- 
sisted until death, which occurred on the fourth or 
fifth day (average survival time 4.2 days). Of 
the two animals inoculated ndth the Asibi strain, 
one showed drculating virus from the first to the 
fourth day, survived, and developed neutralizing 


antibodies; the other had virus in the blood from 
the first to the seventh day (the last tested) and 
died of yellow fever on the eleventh day. 

It thus appears that X, leucoccphala is highly 
susceptible to these strains of yellow fever virus. 

GROSS PATHOLOGY 

In all three species of marmoset the liver was 
generally yellow-red in color, and the lobules were 
prominent. A yellow-colored liver was en- 
countered only when the animal was exsangui- 
nated. The spleen was usually slightly enlarged. 
The kidneys were pale and icteric on the cut 
surfaces. Hemorrhage into the stomach was en- 
coimtered in a small proportion of cases but usually 
only a congestion of the stomadi mucosa was seen. 
The other organs were macroscopically normal. 
Ulorrhagia was seen in a few instances . In general, 
the clotting time of the blood was greatly reduced. 

MICROSCOPIC PATHOLOGY 

Microscopic examination of liver preparations 
of marmosets dead of yellow fever revealed at first 
sight the three degenerative processes associated 
with yellow fever: necrosis, fatty change, and 
cloudy swelling. 

The necrosis was scattered and necrotic cells 
were observed in all three zones of the lobules. In 
liver preparations of C. jacchus and C. kucocephala 
the necrosis was evenly distributed throughout the 
lobule, but in nearly 20 per cent of these cases 
there were a few lobules in which the necrosis was 
heavier at the midzone; liver preparations in which 
the midzonal necrosis of most of the lobules was 
most marked were exceptional. A few cases were 
encountered in which the necrosis was more con- 
centrated either at the central or the peripheral 
zone. In liver preparations of L, rosalia, on the 
other hand, nearly 40 per cent of the cases showed a 
greater concentration of the necrosis in the 
midzone. 

The degree of necrosis varied from one case to 
another. In liver preparations of C. jacchus and 
C, leucoccphala the necrotic cells, also called 
Councilman's bodies, in general did not have the 
hyaline aspect and sharp contour encountered in 
human livers. The nucleus of the liver cells was 
also necrotic and the remnant could be seen as an 
acidophilic shadow within some of the necrotic 
cells. On the other hand liver preparations of L, 
rosalia showed the necrotic cells with a hyaline 
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aspect and sharp contour as encountered in human 
yellow fever cases. 

Intermixed with the necrotic cells were cells 
undergoing fatty change. These cells were slightly 
enlarged and contained large and small droplets of 
fat. The location in the lobule of the cells under- 
going fatty change was variable. The nucleus of 
the nonnecrotic cells was enlarged and edematous. 
The chromatin was marginated and collected 
around the nucleolus. Acidophilia of the intra* 
nuclear matter was seen. 

Inclusion bodies such as those described by 
Torres (10) occurred with varjdng frequency, de- 
pending on the strain used. The jungle strains 
generall}^ do not produce intranuclear inclusion 
bodies in the liver of rhesus monkeys, but it was 
found that certain of these strains produce in- 
clusion bodies in marmoset (C. jacchtcs) livers. 
Of the nine liver sections from marmosets inocu- 
lated vdth the M.A.J. strain, six contained intra- 
nuclear inclusion bodies; of the twenty-one 
different liver preparations from marmosets inocu- 
lated vnth. the A.C.BoI. strain, inclusion bodies 
were seen in nine, and of the seven liver prepara- 
tions with yellow fever lesions from marmosets 
inoculated with J.F. strain, four contained 
inclusion bodies. Only in four instances among a 
total of twenty-five different preparations were 
inclusion bodies encountered in liver sections of 
marmosets inoculated with the J.Z. strain. None 
were found in the liver sections of marmosets which 
died after infection with the O.C. and Martinez 
strains. On the other hand the Asibi and the 
French strains regularly produce intranuclear 
inclusion bodies in the livers of both rhesus 
monkeys and marmosets. 

Parenchymal cells undergoing cloudy swelling 
were generally present, and were encountered 
around the central vein and portal space. 

Other changes were a jumbling of the trabeculae, 
a slight proliferation and hyperplasia of the 
Kupffer cells, and a slight leucocytic infiltration. 
Hyperemia of the sinusoids was often encountered. 
In one case of late death, scattered ocher-stained 
bodies, such as those described by Villela* (11), 
were seen in the central zone, 

DISCUSSION 

The experiments here presented show that the 
marmosets Callithrix lencoccphala (E. Geoff.) and 
Callithrix jacchiis (L.) and the lion marmoset 
Lcontocehus rosalia (L.) are highly susceptible to 
yellow fever \anis. 


The data obtained on C. jacchus will be con- 
sidered first, since the greatest number of marmo- 
sets studied belonged to this species. Virus 
circulated regularly and in considerable amounts 
in the blood stream of these marmosets, regardless 
of the virus strain with which they were infected. 
The mortality, however, depended on the strain 
emplo^xd. The African strains, Asibi and French, 
were of low virulence for this species of marmoset, 
producing a mortality of 11 and 28 per cent, 
respectively. The most virulent jungle strains 
were the J.Z., O.C., A.C.B 0 I., and M.A.J, strains, 
which in C. jacchiis produced mortalities of 91, 88, 
92, and 75 per cent, respectively. The J.F. strain 
was of medium virulence for C. jacchiis, as only 
seven of the tw’elve animals (58 per cent) died with 
yellow fever lesions in the liver. The Martinez 
strain was the most atypical of all these jungle 
strains. Of the thirteen C. jacchus inoculated with 
this strain, only three died with yellow fever lesions 
in the fiver; five died between the sixth and the 
fourteenth postinoculation day of unknonm cause 
and five survived and became immune. 

It was obsen’’ed that, with the possible exception 
of the Martinez strain, there is a marked difference 
in virulence for C. jacchus between the African and 
South American \drus strains tested. ^\diilc it is 
possible that the Asibi and the French strains may 
have been modified by \drtue of the seventeen 
consecutive passages made in rhesus monkeys, 
the M.A.J. strain, on the other hand, after twenty- 
one rhesus passages, still proved to be \drulent for 
marmosets. Also, although Stokes, Bauer, and 
Hudson (1) were unable to isolate either the Asibi 
or Felice strain in marmosets due to the fact that 
one survived infection and the other died without 
specific lesions, the possibility that their raarmoscts 
may have been immune to yellow fever cannot be 
dismissed. These considerations, although not 
affording direct proof, suggest that the Asibi strain 
was little if at all modified by the serial rhesus 
passages and that from the first it ^vas different 
from most of the South American strains thus far 
tested. 

The lion marmoset Lcontocehus rosalia was also 
found to be susceptible to yellow fever virus. As 
in C. jacchus, inoculation of the Asibi or French 
strains did not produce fatal infections the virus 
circulated for considerable periods of time and the 
animals became immune. Fatal infections, how- 
ever, were produced by the jungle strains (O.C. 
andJ.Z.). 

C. Icucoccphala was highly susceptible to all the 
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strains tested, and the virus was usually present 
in the blood ^stream from the second day until 
death. The majority of animals died of yellow 
fever after the inoculation of any of the virus 
strains tested. However marmosets had a greater 
average survival time after the inoculation of 
Asibi virus than that of animals infected with the 
South American strain. 

SUMMARY 

The marmosets Callithrix lencocephala (E. Geoff.) 
and Callithrix jacchm (L.) and the lion marmoset 
Leontocehics rosalia (L.) were found to be suscepti- 
ble to infection with yellow fever virus. 

In C,jacchiis and L, rosalia , death in general did 
not supervene followmg inoculation with the Asibi 
or French pantropic strains; the virus circulated 
in the blood and neutralizing antibodies subse- 
quently appeared. Most of the South American 
jungle strains, however, were highly lethal for 
these species. 

In C. lencocephala, on the other hand, fatal in- 
fections were produced not only by the jungle 
strains blit also by the Asibi strain, the only 
African strain tested. The average survival time 
of animals infected with the Asibi strain, however, 
was greater than that of animals infected with the 
South American strains. 

Specific liver lesions were found in all three 
species of marmosets following fatal infection with 
yellow fever virus. These are described and com- 
pared with the lesions produced by the virus in the 
liver of man and rhesus monkeys. Differences 
between the types of lesions produced in L, rosalia 
on one hand and in C. jacchtis and C. lencocephala 
are described and discussed. 

Marmosets which survived infection with any 
of the African or South American strains developed 
a humoral immunity. 
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THE SAIMIRI MONKEY AS AN EXPERIMENTAL HOST FOR THE 
VIRUS OF YELLOW FEVERS 

Marston Bates 

Villavicencio Field Lahoratoryj Villavicaicio, Colombia 


The unavailability of rhesus monkeys during 
the war period has made it necessary to find some 
other experimental host that can be used for trans- 
mission experiments with yellow fever in South 
America. Because Davis (1930) found that 
saimiri monkeys were the most susceptible of the 
South America primates with which he %vas able 
to experiment, this animal was among the first 
that we tried. We have found it to be a very 
satisfactor}'^ host for transmission experiments in so 
far as it can be infected by very minute doses of 
virus, usually shows clinical S3Tnptoms of infection, 
and circulates virus with titers comparable to those 
obtamed with rhesus monkeys. It would seem 
advisable to publish a summar}'* of our observations 
on virus behavior in this animal as background for 
adaptation and transmission experiments that will 
be published later. 

TAXONOMY AND HABITS 

^lonkeys of the genus Samiri are generally 
called “squirrel monkeys” in English, and the 
local name in Colombia is “mico titi.” Both terms 
arc frequently applied to other small monkeys — to 
OcdipomidaSj for instance, in Panama — so that it 
would seem advisable to employ the generic name 
as a common name to avoid possible confusion. 
The animals with which we have experimented 
have all come from the region of Villavicencio, in 
eastern Colombia, This population, according to 
Dr. George G. Goodwin of the American Museum 
of Natural History'' (personal communication) 
should be known as Saimiri sciuracs caquctojsis 
Allen. Saimiri caqttclcnsis was described by Allen 
(1916) from Florcncia, a toum which bears the 
same relation to tlie eastern Andes as Villavicencio, 
but located some 350 kilometers to the south. A 
discussion of tlic taxonomy of the monkeys of the 
Samiri scimms group has been given by Tate 
(1939); he makes Kartabo, British Guiana, the 

^ The studies and observations on which tliis paper is 
based were conducted witli the support and under the 
auspices of the Section of Special Studies maintained by 
the Colombian Government and the International 
Health Division of The Kockcfcllcr Foundation. 


type locality for sciureus. The saimiri monkey is 
a very common animal in the Villavicencio area — 
probably the commonest local primate — but its dis- 
tribution in other parts of Colombia is not accu- 
rately known. It is interesting that the genus does 
not reach the Canal Zone in Panama and appar- 
ently does not occur anywhere in eastern Panama, 
though a species known as Samiri oersiedi is 
found in western Panama (Chiriquf) and in parts 
of Costa Rica (Goldman, 1921), 

Saimiri monkeys live in small bands of fifteen or 
more individuals, and the bands are commonly 
accompanied by a few capuchin monkeys (Cebus). 
They are probably omnivorous, but insects are 
certainly an important part of their natural diet. 
They are prized as pets in Colombia, and seem to 
thrive under household conditions. In the labora- 
tory we find that they are not well adapted to life 
in small cages, and we keep them closely confined 
only when necessary for experimental work. They 
live well in a large outdoor cage where there is 
plenty of room for exercise. The monkeys arc 
given a varied diet of fruits, vegetables, and bread, 
supplemented by insects as far as practical, and 
with milk for animals in confinement. 

The species is host to a great many internal 
parasites; we are indebted to Dr, Benjamin 
Schwartz of the Bureau of Animal Industry for the 
following identifications. Almost all wild speci- 
mens are parasitized by an acanthocephalid worm, 
Prosthcnorchis elcgans^ which is sometimes ex- 
tremely abundant in the large intestine. Nema- 
todes, apparently of a species of FilaroidcSj arc 
almost alwa\^ present in the lungs and another 
nematode, Dipclaloncma gracile, is sometimes found 
in the peritoneal cavit}'. A trematodc, Athesmia 
foxi^ is frequently found in the liver. These para- 
sites may frequenth'- be a primar}'' or a contributing 
cause of death among animals in confinement, and 
they introduce a confusing element into the clinical 
history of animals infected witJi virus. 

METHODS OF STUDY 

The methods and materials used in this work arc 
tliose tliat have become conventional in yellow 
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fever studies. Methods used in studies of native 
mammals in the Vihavicendo area have been 
described by Bugher ei al (1941). The presence 
of circulating virus has been detected and measured 
by the intracerebral inoculation of white mice 
(Theiler, 1930), using the highly susceptible ^‘Swiss 
strain’^ (material descended from the stock 
described by Saw>^er and Lloyd, 1931). Titers 
of circulating virus are calculated from the mouse 
mortality after inoculation with decimal serial 
dilutions of serum, according to the method de- 
scribed by Reed and Muench (1938). 

Several strains of virus have been tested in 
saimiri monkeys, though most of the 'work has 
been done with various modifications of the ‘‘No- 
voa^^ strain, isolated from a fatal human infection 
contracted near Villavicencio. The virulence of a 
strain for saimiri monkeys undoubtedly depends 
in part on the immediate anterior history of the 
strain, and varies considerably. In this connec- 
tion, however, it should be remembered that our 
only method of making quantitative estimates of 
virus in an inoculum or in circulation is by the 
intracerebral inoculation of white mice, and there 
is evidence that strains of virus may vary in their 
virulence for mice. Specificity tests (by incuba- 
tion of serial dilutions of infected material with 
known normal and immune rhesus sera) were made 
several times in the course of the experiments 
reported here, with results positive for yellow fever 
in all cases. 

Where serum for protection tests or desiccation 
was needed, the animal was bled from the heart. 
For checks on circulating virus, animals were bled 
from the femoral vein or arteiy without anesthesia 
— a somewhat difficult procedure because of the 
small size of the veins. As much as 4 or 5 cc. of 
blood can be taken from an animal at one time 
without apparent injury. For routine checks on 
circulating virus we have, however, taken only 1 
or 2 cc. We have not been able to obtain more 
that 15 cc. from an animal being bled to death 
from the heart (young individuals). The effect 
of repeated bleedings on the clinical history of the 
infected animals is always an unknown factor, and 
we have consequently bled them only to the extent 
that seemed necessary for the purposes of partic- 
ular experiments. This means that our histories 
of virus circulation *are frequently incomplete. 

CIRCIILATION m VIRUS 

We have infected saimiri monkeys by intraperi- 
toneal and subcutaneous inoculation, and by the 


bite of the mosquito Eaemogogus caprkorniL The 
period of virus circulation seems to depend largely 
on the size of the dose inoculated, but probably also 
to some extent on the strain of virus and on the 
characteristics of the individual animal. After 
inoculation with a massive dose (f.e., on the order 
of 100,000 m.Ld. for white mice) virus in circulation 
may reach a maximum titer on the third day after 
infection and be completely cleared by the fifth 
day. The appearance of virus in circulation may 
be greatly delayed after inoculation with a minute 
dose. This is illustrated by saimiri No. 41 (tem- 
perature chart in figure 1) which was inoculated 
with a trace of virus too small to be detected by 
the intracerebral inoculation of white mice. Virus 
measurable by mouse inoculation did not appear 
in circulation until the fifth day after infection. It 
seems likely that there was no virus at all in 
circulation on the fourth day, as 0.5 cc. of serum 
taken on this day and inoculated in a presumably 
susceptible saimiri did not result in an infection. 

Virus is usually in circulation for three to five 
days, and the maximum titer, as measured by the 
inoculation of white mice, frequently exceeds 1 : 10^ 
Such high titers are particularly characteristic of 
fatal infections; animals that have sur\dved have 
in no case shown a titer greatly in excess of 1 : 10^. 

TEMPERATURE REACTIONS 

Temperature charts of six animals inoculated 
with various passes of the ‘^Novoa*’ strain of virus 
are given in the accompan 3 dng charts. The tem- 
perature of normal saimiri monkeys is very 
variable: it may rise to as much as 40^C. with 
excitement or exercise, and fall to as low as 36®C. 
when the animals are immobilized, as for feeding 
mosquitoes. There is apparently a normal daily 
alternation between a morning low temperature 
and an evening high. The mean temperatures of 
five normal monkeys taken over a period of five 
days while caged in the infected animal room 
(mean temperature of room about 27'^C.) are 
plotted in figure 1. Each of these five mon- 
keys showed the same type of daily temperature 
cycle. The mean of the fifty-five readings is 
39.0°C. It is hardly possible to speak of '^nor- 
mal'’ temperature for an animal like saimiri, but 
39®C., at least serves as a convenient standard of 
reference in comparing charts, and a line has been 
drawn at this level on all the charts given here. 

Temperature charts are given for two monkeys 
infected by the mosquito Haemagogus capricornii: 
No. 14 by bite and No. 39 by inoculation. Neither 
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of these monkeys showed a definite fever, but it is 
possibly significant that m both the daily alterna- 
tion of high and low temperatures was interrupted 
during part of the period of virus drculation. The 


the mildness of the reaction of monkeys Nos» 14 
and 39 were due to the small amount of virus 
inoculated, we would expect a similar picture in 
monkey No. 41. This animal failed to show circu- 



MEAN TEMPERATURES OF FIVE 
NORMAL MONKEYS IN INOCULATION 



SAIMIRI NSU 

INFECTED BY BITE OF ONE 


HAEMACOCUS CAPRICORNU. 



36 1 VIRUS 




SAIMIRI NC 39 

INFECTED BY INOCULATION OF 


CORNU ONLY ONE OF WHICH SHOY/- 



5AIMIRI N* 41 

INFECTED BY INOCULATION OF 
TRACE OF SECOND MOUSE PASS 
FROM MAN OF NOvOA VIRUS 


TEMPERATURE CHARTS OF NORMAL SAIMIRI MONKEYS. AND OF MONKEYS INFECTED 
WITH SMALL VIRUS DOSES 


Fig. 1. Temperature Charts or Normal Saimiri Monkeys, and of Monkeys Infected with 

Small Virus Doses 


chart of saimiri No. 41 has been placed with these 
mosquito infections because the animal was abo 
infected \Yith a trace of virus; in this case too small 
to be detected by white mice (it received 1.0 cc of 
an inoculum that showed no mortality when 
inoculated in twelve mice in 0.03 cc, doses). If 


lating virus until the fifth da}’' and the titer in- 
creased steadily until the seventh day, after which 
it was not bled. It showed definite fever on the 
fifth day and died on the ninth day; histological 
examination of the liver showed lesions characteris- 
tic of yellow fever. 
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In figure 2 arc given the charts of three monkeys 
infected in series witii a line of virus of the “Novoa” 
strain that had previously been passed througlj six 
brown masked opossums (Mclac/iirus nudkauda- 
(us). The monkeys were infected by the intra- 


third monkeys it seems probable that both virus 
and antibodies were circulating on the fourth day, 
as mouse mortality with pure serum was irregular 
and with a tenfold dilution regular; by the fifth day 
virus had disappeared from circulation in both. 
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5Alvini N^26 

woe. t^QUSC fAL 0. ViR^S 
5CRUM or MCTACHlRuS 195, 
4TM OAY 



5AlMmi N7 23 

woe, 10^ Mouse M L 0. VIRUS 
W SERUM or SAlMlRt 26, 3RD OAT. 



SAtMIRI N*24 

woe. 10^ MOUSE M.L.O.VtRUS 
w SERUM or SAJMIRI 23, 3RD OAY 


TEMPERATURE CHARTS OP THREE SAIMIRI MONKEYS INOCULATED IN SERIES WITH 
MASSIVE DOSES OP VIRUS 


FiC. 2. TEitPEKATURE CHARTS OF TilREE SAIiHRl MONKEYS INOCULATED IN SERIES WITH JIaSSIVE 

Doses oi* Vie os 


peritoneal inoculation of 0.25 cc. of scrum taken It will be noted that both monkeys ISos. 24 and 
from the previous animal on the tliird day after 41 showed periods of great tcmperaturc^depression 
infection: this resulted in the first monkey receiving while virus was in circulation. Such extreme 
a thousand m.l.d., the second a hundred thousand, fluctuations of temperature are frequent ni sev ere 
and the third a million. In both the second and or fatal infections. A period of subnormal tem- 


87 


SAHMIRI MONKEY AS HOST FOR VIRUS OF YELLOW FEVER 


perature may follow directly after the period of 
fever (as in monkey No. 24) or may be intercalated 
in the fever period. Death is usually preceded by 
twenty-four hours or so of subnormal temperature, 
and the rally shown by monkey No. 24 is excep- 
tional. It should be noted that the subnormal 
temperature of animal No. 41 on the afternoon of 
the sixth day corresponded to a period of immobili- 
zation for mosquito feeding: such immobilization 
usually causes a sharp temperature drop, but 
animals that have not been immobilized may show 
a similar temperature picture. 

Most of our saimiri infections have occurred in 
the course of transmission experiments in which we 
did not know in advance whether the inoculum 
contained virus or not. It has consequently been 
important to try to determine whether an animal 
was infected from its clinical history. We have 
not, however, been able to determine this with any 
degree of accuracy. Temperature histories similar 
to those shown by animals Nos. 14 and 39 are 
frequently obtained from uninfected monkeys, and 
we have twice secured what seemed sharply 
characteristic temperature charts (f.e., similar to 
No. 24) from animals that have not shown virus 
in circulation. Both of these animals died before 
they could be tested for immunity, and neither 
showed diagnostic patliological changes in the liver. 
We know that saimiri monkeys may be infected 
with yellow fever when virus is not demonstrable 
in the inoculum by intracerebral inoculation in 
white mice and it would seem theoretically possible 
(though perhaps not probable) that virus of a t 3 ’'pe 
nonpathogcnic for mice might also circulate. 

mortality 

Fourteen saimiri monkeys infected with known 
virus have been allowed to follow a natural course 
of infection except for daily bleedings of 1 or 2 cc. 
of blood to check on circulating virus. Five of 
these have died witliin ten days after infection 
under circumstances that would seem to indicate 
virus infection as the primary cause of death. In 
two of these fatal cases changed blood has been 
found in the stomach at autopsy. In tlie experi- 
ments of Davis (1930) about half of the animab 
knouTi to have been infected died, but it is possible 
that some mild infections escaped notice as the 
white mouse technique for checking on virus 
cirailation wtis not then available, 

TATIIOLOGICAL CIUNGES IN THE LTV^R 

Liver tissue of animals killed or dying in the 
course of infection has been saved, except where 


putrefaction had alread^^ set in at the time death 
was discovered. In onl^'' one instance have lesions 
similar to those of man and rhesus monkeys been 
found; this was in animal No. 41, the temperature 
chart of which is given in figure 1 . None of the 
other livers showed the intense midzonal necrosis 
characteristics of 3 ^ellow fever, though there is 
usuall}’’ some pathological change. 

ANTIBODY PRODUCTION 

Serum of all animals has been tested for yellow 
fever antibodies by the intracerebral protection 
test as described by Bugher (1940), The tests 
have been made in the Bogota laborator>^ b}'' Dr, 
Bugher and Dr, Roca, so that results are uniform 
with those of other animals reported on by them 
in various papers. It has been impossible to get 
sufficient serum from these small monkeys to use 
the standard intraperitoneal test described by 
Sa^v^er and Lloyd (1931), 

Preinoculation and postinoculation tests on five 
animab known to have circulated virus are given 
in table 1. The result is expressed as mouse sur- 
vival ( 0/6 means all six mice used were killed, 1/6 
that one lived, and so forth), and average survival 
time of mice. As these tests were made in dif- 
ferent “runs,” the mouse m.l.d, of virus used in a 
particular test is given in parentheses. The post- 
inoculation tests on these five animals show an 
extremely weak protection, as measured by the 
intracerebral method. The mouse survival and 
survival time correspond, in the case of animab 
Nos. 13 and 14/to a dilution of 1 : 64 of the immune 
rhesus serum used as control. It thus appears that 
only sera with a mouse survival of 0/6 and a sur- 
vival time of less than 6.0 days can be considered 
as clear negatives. 

We have found no evidence of nonspecific reac- 
tions in protection tests with serum of saimiri. 
This contrasts with certain other groups of mam- 
mals in which “false positive” results may be fairly 
frequent. We have pre-experimental protection 
tests on the sera of fifty wUd monkej*s. Of these, 
forty-one arc clearly negative, three clearly positive 
( 5/6 or 6/6 protection), and six doubtful. Idlest 
of our monke^^s come from an area which has had 
no history of j^ellow fever for the past five 3 'cars. 
Wc have not yet been able to accumulate signifi- 
cant numbers of tests from areas with recent 
hi 5 tor>’ of yellow fever. 

Wc have recovered an abundance of circulating 
virus in all cases where susceptible animals (i.c., 
prcinoculation protection test apparently nega- 
tive) have been inoculated with kno\^’n virus, with 
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two vxccpthu^;^ hi fffic ot thc-e (snimiri Xo. 17) 
thr iru'cultsni wnn rrhydritt^J 5 *-'run) frnm another 
tahen on tlic <!ay of vini^* circulation 
wlun both rinlihcxHc.; anf! viru<> may have been 
present in hhHKl. ^!^ce inoaihlc<i with the pure 
5cnim ?how<} irregular mortality while tlio^c 
inooilnte! with a tcnfohl rlilution ?hr)UT<J a more 
rr^ubr mortality. Sainiiri No. 17 was hied <laily 
fnmi the tfiinl through the fcvcntli day with no 
viru-. trcovcretl; rertim taken on the f ixteenth 

day ^howiNl a definitely |>OM‘tivc pmtection tc 5 t 
result with uhitr mice. Thi«^ animal may have 
received a fort of \*acdnation; or it may have l>ccn 
rc^i.nant to infection. In tiic other anomalous 
caf'O, an animal with a doubtful prcinoailation 
protection te<t (0/6 sur\uvah but with an A,S.T. 
of 7.2 d.iys witli IJO m.l.d. of test vints) was 


This h af)oul tlic normal mortality in our labora- 
tory from routine inoculations with nontoxic 
materials. 

To determine whether this toxic effect v/as a 
characteristic of the spcdcs or of individuals, we 
made a separate analysis of Uic results with nbc 
monkey's whose rcrum was inoculated in thirty or 
more mice. There w*is little individual variation. 
The fcnim of one young female monkey was con- 
rdslenlly less toxic than the average in seven 
dificrcnl inoculations over a period of two months 
(JS f>cr cent mortality in forty- two mice), while 
the serum of another young female w'as consis- 
tently more toxic than the average (S3 per cent 
mortality in thirty mice), hut these were the 
individual extremes. There seems to be no 
correlation between toxicity and age or sex. 


TAHI.E 1 


/Vi'.Vr/iVtt Tai Ilisfrrlifx cf /V;e .S'cxVrr/ Jfofdrv; Thzt Shyj:td Ctrcul^lln^ Virus 


1 

j 

! 

vnv^ 

[ * 
j i 

rirwrn^*f rms 

vnisr-f or 
DKYS Amr 
tXOCtrUTtON' 
tnirN jttrD 



i 

Infecicti hacmarf>^u*i j 

■ Inj. 1 

O^Yi, 5.3 (10) 

U6,6.S(250) 

m 

14 : 

Infccicd j 

Hite 1 

0/6, 5.3 (S5) 

! 1/6,7.2 (250) 


18 { 

A^jf4 stmin, i.p. } 

10* 1 

0^\S.6(I0) 

5/6,8.0(103) 

^ 31 

2J 1 

strain* i.p. 1 

10* 1 

0/6, 5.0 (250) 

4/6, 9.2 (103) 

2S 

26 • 

Mct.achirus strain* Ip. j 

UP 1 

0;6,4.7(2S0) i 

3/6, 8.5 (10.1) 

14 


inoculated with a virus strain known (o be highly 
vinilcnt for rhesus monke%*5 and white mice. It 
showed traces of virus in drada(i(tn on the third, 
fourth, and fifth da\*s after infection, and a slight 
febrile reaction. This is the only case in which we 
have recovercfl only traces of virtis fron) a Sxnimiri 
monkey: usually there is either an abundance of 
virus in circulation or no virus at all. 

TOXiciTV or suRiui roK wariTK mice 

AlKiut hviU of tlic white mice inoculated intra- 
cerebrally with the un<liluted scrum of saimiri 
monkeys arc killed; the action of the scrum seems 
to be immediate, as most of the mio? that are killed 
never recover from the nncstlicsin. The toxic 
action has no relation to the presence of yellow* 
fever virus in the scnim. Of 52S while mice 
inoculated intraccrcbrally with pure saimiri scrum, 
oOS died within the first 24 hours, giving a mor- 
tality of 5S.3 per cent. Of 70S mice inoculated 
with a 1 : 10 dilution of saimiri senim (in 10 percent 
normal human scrum in saline), 23 died within the 
first 24 hours, giving a mortality of 3.2 per cent. 


ntscussiON’ 

Saimiri monkeys seem to be the most abundant 
f)rimatc5 in the region of Villavicendo in eastern 
Colombia, where there is a histora* of endemic 
yellow fever. Under laborator}' conditions, the 
s]>ccies is highly susceptible to several local strains 
of vims and to the African Asibi strain (one in- 
oculation, which resulted in a nonfatal infection 
with a maximum liter of 1 : 10^ of virus in circula- 
tion). We have been able to carn^ a local strain 
of virus from one saimiri to another by the bite of 
a local forest mosquito {IlonKaso^ns enpneornii)^ 
\vhidi would seem to reproduce one transmission 
mcdianism jxissibly important in the epidemiolog>* 
of the disease. We have not, as yet, been able to 
maintain a c>*clc of sudi transmissions, perhaps 
largely because of technical difiicuUies in handling 
the mosquitoes. 

The laboratory infections of saimiri with yellow 
fever may readily be grouped into the three cate- 
gories of mild, moderate, and severe. The tem- 
perature charts of monkeys Nos. 14 and 39 jUus- 
tratc the mild infection, of Nos. 26 and 23 the 
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moderate infection, and of Nos. 24 and 41 the 
severe infection. Our series of infections is too 
small and too heterogeneous to form a valid basis 
for conclusions as to the nature of this difference 
in severit\% but we have the impression that it 
depends more on the history of the virus strain 
than on variation in resistance among individual 
saimiri. There is considerable evidence for a 
rapid increase in virulence on serial passage in 
saimiri. One example is shown by the series of 
three monkeys of figure 2. In another case, three 
fatal infections occurred in series after two saimiri- 
mosquito-saimiri passes, indicating that virulence 
may build up through mosquito passes as well as 
through direct transfer of infected serum. There 
was on the other hand, no apparent increase in 
virulence for saimiri after six passes by transfer of 
serum through the marsupial Mciachiriis^ as the 
strain used in this experiment caused nonfatal 
infections in saimiri both before and after the 
Melachirns passes. 

. SUMMARY 

The Villaviccncio population of Saivixri scitireus 
caquetcnsis is highly susceptible to the virus of 
yellow fever: nineteen animals with negative pre- 
inoculation protection tests have been inoculated 
with known virus, and circulating virus has been 
recovered in all except one case (an animal that 
may have received a mixture of virus and anti- 
bodies). The maximum titer of virus in circula- 
tion is usually at least 1:100,000 and in acute 
infections exceeds 1 : 1,000,000. 

The mortality rate in a series of fourteen infec- 
tions with various strains of virus was about 33 
per cent. There are usually some pathological 
changes in the liver in fatal infections, but lesions 
characteristic of yellow fever as found m man and 
rhesus monkeys have only been seen in one case. 
There is usually a clear febrile reaction to the 
infection. 

The species may be infected by doses of virus 
too small to be detected by the standard method 
of intracerebral inoculation in susceptible white 
mice. 


Antibody production, as measured by the intra- 
cerebral protection test, may be very weak, 
corresponding to a dilution of 1:64 of immune 
rhesus serum. There is, however, no evidence 
of ‘‘false positive*’ reactions. 

The advantages of saimiri for the laboratory' 
study' of yellow fever virus are: availability (over 
much of South America), susceptibihty, and the 
relative ease with which the animals can be main- 
tained in captivity. 

Disadvantages are: small size, high degree of 
helminth parasitism, toxicity of pure serum for 
white mice, and the uncertainty of working with 
animals that may have been exposed to infection 
in the wild state before capture, 

REFERENCES 

Aluen, J. a. New South American mammals. Bull. 

Am, Mus. Nat. Hist., 36: 83-87, 1916. 

Bucher, John C, The demonstration of yellow fever 
antibodies in animal sera by the intracerebral pro- 
tection test in mice. Am. Jour. Trop. Med., 20: 
809-841, 1940. 

Bucher, John C., Jorce Boshell-Manrique, Man- 
uel RoCA-GARaA, AND RAYMOND M. GiLMORE. 
The susceptibility to yellow fever of the vertebrates 
of Eastern Colombia. I. Marsupialia. Am. Jour. 
Trop. Med., 21: 309-333, 1941, 

Davis, N. C. The transmission of y^ellow fever. Ex- 
periments with the “woolly monkey” (Lagothrix 
lagotricJia Humboldt), the “spider monkey” {Ate- 
Jeus aicr F. Cuvier), and the “squirrel monkey** 
{Satjniri sciureus Linnaeus). Jour. Exper. Med., 
61: 703-720, 1930. 

Goldman, Edward A. Mammals of Panama. Smith- 
sonian Misc. Coll., 69: No. 5, 309 pp., 1921. 
Reed, L. J., and Huco Muench. A simple method of 
estimating 6fty' per cent endpoints. Am. Jour. 
Hyg., 27: 493-497, 1938. 

Sawyer, W. A., and Wray Lloyd. The use of mice 
in tests of immunity against yellow fever. Jour. 
Exper. Med., 64: 533-555, 1931. 

Tate, George H. H. The mammals of the Guiana 
region. Bull. Am. !Mus. Nat. Hist, 76; 151-229, 
1939. 

Tueiler, M. Studies on the action of yellow fever 
virus in mice. Ann. Trop. Med. & Parasit., 24: 
249-272, 1930. 




EXPERIMENTS WITH THE VIRUS OF YELLOW FEVER IN MARSUPIALS, 
WITH SPECIAL REFERENCE TO BROWN AND 
GREY MASKED OPOSSUMS' 

Marston Bates 

Villavtcencw Fidd Laboratory^ VilladcettciOj Colombia 


The experiments reported by Dr. John C. 
Bugher and his colleagues (1941) indicated that 
marsupials as a group might be of considerable 
interest in relation to the epidemiology of jungle 
yellow fever. Their results were, however, anom- 
alous in that only a small proportion of the ani- 
mals were found to develop antibodies after 
inoculation, while an even smaller proportion 
showed circulating virus. There was some indi- 
oition of specific differences in susceptibility, 
virus being recovered from a higher proportion of 
certain species than of others. Further investiga- 
tion of the nature of these differences in suscep- 
tibility seemed warranted, and work was under- 
taken to explore the possibility of virus adaptation 
to marsupial hosts through serial passage of virus. 
This work was started at the suggestion of Dr. 
Bugher, and we arc indebted to him for much help- 
ful advice and criticism; we have also had access 
to the original data and notes of his own experi- 
ments, and we have at times drawn upon these in 
the preparation of the present paper. Dr. Henry 
W. Kumm, Dr. Manuel Roca-Garcia, and Dr. 
Jorge Boshcll-Manriquc have all taken a keen 
interest in the work, making mafi}'' valuable sug- 
gestions. All protection tests were carried out in 
the Bogota laboratory under tlie direct supervision 
of Dr. Bugher and Dr. Roca. 

TAXONOMY 

A series of skins and skulls of Villavicencio 
mammals has been saved for subsequent taxo- 
nomic study, in the hope of defining the morpholog- 
ical characteristics of the local populations as 
closely as possible. In the meanwhile, Dr. George 
Goodwin of the American liluscum of Natural 
History (personal communication) considers that 
the following j)opulation names arc probably ap- 
plicable to the marsiq)ials considered in this paper: 

* The studies and obseivations on which tins paper is 
based were conducted with the support and under the 
auspices of the Section of Special Studies maintained 
by tlic Ministn* of Labor, H\'gicne, and Social Welfare 
of the Rei)ublic of Colombia and the International 
Health Division of The Rockefeller Foundation. 


Didelphis viarsitpialis marsKplolis Linnaeus. 

This is the ‘‘common opossum** of lowland tropi- 
cal America, the representative of the Virginia 
opossum of the United States. It is known 
locally as ^^chucha conunu^^ 

Meiachirops opossum griscscats Allen. 

Mciachirus midicoudatus cohmbianus Allen. 

There seems to be no consistent usage of English 
names for these opossums. Both Meiachirops 
and Mciachirus are sometimes called “four-cj^cd 
opossums” and sometimes "‘masked opossums,” 
referring to the light spots above the eyes. The 
latter term seems somewhat more euphonious. 
Meiachirops, with this nomenclature, would be 
called the “grey masked opossum** and lilcla- 
chirus the “brown masked opossum,** The local 
name for both is “chucha real,** and local hunters 
seem not to distinguish between the two. 

The animals are closely similar, as can be seen 
from the photographs (figs. I and 2). The two 
species were included in the same genus {Mcia- 
chirus) until 1916, when Matschie (for taxonomic 
references see Tate, 1939) separated the grey 
species as Meiachirops, He based this generic 
separation on “the presence or absence of pouch, 
on the degree of pilation of the base of the tail, 
and on the presence or absence of postorbital 
processes** (Tate, 1939). 

Caluromys lanigcr cicur Bangs. 

The various races of lauigcr are uniformly called 
“woolly opossums** in English. The local name 
in Villavicencio is mattlcqucra,^^ A photo- 

graph of the animal has been included (fig. 3) to 
show how much it differs in appearance from the 
two masked opossums. 

Tate (19v^9) discovered technical grounds for 
using the generic name Philander for the grey 
masked o}>ossun)s; but as the name Philander luad 
previously been consistently used for the woolly 
0{x>5sums he considered that it was inadvisable to 
shift the names “pending some opinion from the 
International Commission.” In so far as Tatc*s 
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paper on the mammals of the Guiana region forms 
a convenient guide to the similar Villavicencio 
fauna, it seems best to follow his nomenclature. 
The history of these generic names in recent papers 
on northern South America and Panama is sum- 
marized in table 1. The references in Goldman 
and Enders, incidentally, contain much informa- 
tion of interest on the behavior and habits of the 
animals. 

The question of the degree of relationship be- 
tween the grey masked opossum {Mctachirops) 
and the brown masked opossum {Mctachirm) is of 
considerable, interest in the present connection 
because the two animak — ^so similar in appearance 
and structure — differ greatl)^ in their susceptibility 
to the virus of yellow fever. The case is similar 
to that described by Findlay and Mahaffy (1936) 
for African and English hedgehogs. It seems 
possible that, outside of the primates, suscepti- 


has usually been removed by cardiac puncture. 
For daily checks on circulating virus w'e have found 
it possible to bleed the animals from the femoral 
vein or artery, though the operation is uncertain 
and tedious. For protection tests with the masked 
opossums we have removed 3 cc. of blood; where 
serum for desiccation was needed, we have re- 
moved 7 cc. Death is, however, very frequent 
when this amount is taken. It is rarely possible 
to get more than 10 cc. w^hen the animal is bled 
to death. Much larger amounts of blood can, of 
course, be taken from the common opossum 
(Didelphis), 

Preliminary Attempts at Serial Passage of Vims 

We first attempted serial passage of virus in 
marsupials by the blind transference of serum on 
the 5th day of infection through series of 3 animals. 
Such a series was made with the gre}^ masked 


TABLE 1 


Recent history of generic terms for the masked and umlly opossums 


TATE (1939) AND PRESENT PAPER 

ASSIGNED TO FOLLOWING GENERA DV: 

Allen (3916) 
Goldman ^920) 

Enders (1935) 

Bugher (1940) 

Bugher tt oL 
(1941) 

Mctachirus nudicaiidalus 

Mctachirops opossum ! 

Caluromys lanigcr 

1 

Metachirus 

Metachirus 

Philander 

Jkletachirus 

Mctachirops 

Metachirus 

Metacliirops 

Philander 

Metachirus 

Philander 

Caluromys 


billty to yellow fever is a highly specific character- 
istic of animal populations, not in any way corre- 
lated with the phylogenetic relationships of the 
populations. 

MATERIALS AND METHODS 

The materiak and methods used in the present 
stud}^ \vcrc in general the same as those described 
by Bugher d at. (1941) and Bates (1944). All 
of the animals were caught by trapping, mostly 
in the region of Restrepo (see map, p. 312, Bugher 
d ah 1941), where there has been no known human 
yellow fever since 1938. The animals have been 
inbculatcd cither intramuscularly, subcutaneously, 
or intraperitoncally. We have noted no differ- 
ence in infection among these inoculation routes. 
Virus dosage, w’hcre given, is always estimated 
in terms of mouse rn.ld., using the 50 per cent 
end point method described by Reed and J^Iucnch 
(1938). 

Animak have been bled for a prcinoculation pro- 
tection test immediately before infection. Blood 


opossum (Mdachtrops), the 1st animal being in- 
fected by the subcutaneous inoculation of 10 
m.l.d. of ^‘Martinez” virus (the strain used in the 
experiments described by Bugher d aL^ 1941); 
transfers were made b}’' the subcutaneous inocula- 
tion of 0.03 cc, of serum to successive animak. 
No virus w'as recovered in any case. Two series 
w'ere made with the common opossum. In the 
1st series young animals raised in the laboratory 
w'ere used; the 1st animal (Didciphis No. 115) 
w'as given a massive intraperitoneal inoculation of 
“Martinez” virus (100,000 m.l.d.). This animal 
show'ed circulating \Irus witli a titer in excess of 
1:100 on the 5th day. It died in bleeding, and 
0.5 cc. of a liver suspension w^as inoculated intra- 
peritoneally into a 2nd Didciphis; this animal 
showed no circulating virus. Blind passes on the 
5tli day were continued tlirough 2 more animak 
but virus was not certainly rccovxrcd again. A 
2nd series of blind passes, starting with “^lar- 
tinez” virus, was made through 3 animak without 
recov^ering virus. 
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An attempt was made with the brown masked 
opossum (Mctachirus) at the same time as these 3 
attempts with Mclachirops and Didclphh. The 
1st animal was inoculated with 0.5 cc. of ‘"Mar- 
tinez” virus (the equivalent of about two million 
mouse m.Ld.), and the serum was passed blindly 
to 2 new animals in series. By the time the 3rd 
animal was bled it had become apparent that the 
mouse controls of the 1st animal w’ere going to be 
negative, so passes were discontinued. We found, 
however, that although 'tlie serum of the 1st ani- 
mal taken on the 4th day showed no virus on 
mouse inoculation, it nevertheless had served to 
infect the 2nd animal (0.5 cc. serum inoculated 
intraperitoneally) which showed a titer of \dru 5 
of 1 : 100 on the 5th day after infection, when its 
serum was passed to the 3rd animal. The 3rd 
animal showed a trace of circulating \arus. We 
attempted to recover this strain by inoculating 
brain suspension of the mouse controls of the 3rd 
animal into a 4th, but virus W’as not recovered 
again. 

These exploratory experiments indicated that it 
might be possible to pass virus in series through the 
browTi masked opossum, but that such passage 
through the grey species or the common opossum 
would be very difl5cult because of the irregularity 
of infection. They also seemed to indicate that 
the virus might show an adaptation to the brown 
masked opossum that was lost through a mouse 
brain passage. The brown masked opossum, 
from these and from other infection experiments, 
seemed the logical animal for test of this adapta- 
tion theory. We waited until wo had accumulated 
a fair number of animab with which to experiment, 
and then started on a new attempt at serial pas- 
sage of virus. 

SERIAL PASSAGE OF VmiS IN THE BROWN irASHEO 
OPOSSLTM 

We selected the “Novoa” strain of virus for the 
2nd serial passage experiment with this species 
because all manipulations since the isolation of the 
strain from man had been made in this laboratory, 
so that we had a complete record of its behavior. 
We started with rehydrated serum from a Saimiri 
monkey which had been infected by material of 
the 5th mouse pass of this strain, as shown in the 
accompan 3 dng diagram. Mosquitoes infected on 
this monkey had given us our first laboratory 
transmission of yellow fever through Bacmagogus 
capricornii, so that it seemed likely that the strain 


was fairly normal” despite the 5 mouse brain 
passes. 

The plan of the experiment was as follows: in- 
fection was to be by the inoculation of 0.06 cc. 
(2 mouse doses) of serum intramuscularly (using a 
25 gauge needle and inoculating in the thigh, on a 
theory that this would approximate “natural” 
inoculation); the animals would be bled uniformlj’- 
on the 4th day for passage, as exploratory- ex- 
periments indicated that virus was most often 
circulating on this day. We started by inoculat- 
ing 3 animab, passing the serum directly on the 
4th day to 3 new animab, and so for 3 passes; 
serum of the 3 animals of the 3rd pass was desic- 
cated and held until mouse results were a\^ilable. 
Serum of No. ISO (see diagram) ivas abo passed 
blindly to No. 181, and so for 2 more passes; as 
will be seen in the diagram, the virus was lost in 
animal No. 182. Serum of No. 180 was then reby- 
drated and inoculated into 4 animals. Serum of 
these, taken on the 4th day, was desiccated and 
held until mouse results were available. Serum of 
the animal showing the highest titer was then re- 
hydrated and inoculated into 4 more animab. 
This process was repeated from the 10th through 
the 13th laboratory passes of the virus, as shown 
in the diagram. At this stage we again tried 2 
series of blind passes (from animab 201 and 202), 
but tlie virus was lost (or at least became non- 
infective for mice) in the 3rd pair of animals (16th 
laboratory- pass of the diagram). We thus had 
10 consecutive passes in tlie bro^vn masked opos- 
sum, which seemed sufficient for studying possible 
adaptation of this strain to that species of mammal. 

Serum of No. 195 ^^'as inoculated into a Saimiri 
monkey, and blind passes were continued through 
2 more Saimiris. Virulence increased rapidly- 
during these 3 passes, and tlie 3rd animal died. 
Its serum ^^-as titrated with normal and immune 
rhesus serum in a specificity- test, which was clearly 
positive for yellow fever. Serum of No. 2 15, at the 
end of the series of opossum passes, was inoculated 
into another Saimiri monkey-. Although this 
Mdochinis serum was non-infective for mice, the 
Saimiri was infected and showed circulating vims 
on mouse inoculation; a specificity test was made 
ivith this mouse brain material, which was positive 
for yellow fever. The immunological properties 
of the virus had thus not changed at the end of the 
experiment. 

This serial passage experiment seems sufficiently 
interesting and important to warrant a detailed 
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treatment of the experimental data. We have 
tried to give a complete summary of the data in 
the diagram and in table 2. The protection test 
results of table 2 will be discussed later. Data 


tions. We have calculated titers from these dilu- 
tions according to the method of Reed and Muench 
(1938), and these titers form the basis of the es- 
timate of virus dose used as inoculum. Since 
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Diagram of Virus Passage Experiment %Yith Metachirus 


arc given for bleedings on the 3rd, 4th, and Sth 
day after infection; a few animak were also bled 
on the 2nd and 6th dap, but no animal showed 
virus on these days alone, hlouse inoculations 
were made of pure scrum and of 3 tenfold diiu- 


only 6 mice were inoculated with each dilution of 
serum, and since mouse infection \vith marsupial 
serum seemed at times somewhat irregular, these 
titers must be regarded as of dubious significance. 
For this reason we have indicated titer in the table 
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as “+” when mice were kiUed only by tie un- 
diluted serum, "++” wh'en mice were killed by 


Meiachirus 215, which showed no virus on white 
mouse inoculation, was nevertheless infective for a 


TABLE 2 


PREINOCTTLATIOK PROTECTION 
TEST 


METACnXROS 

NtmSER 



DOSAGE or 
VIKOS 
expressed 
AS MX D. 
MOUSE 


1 
250 
1 
250 
1 
0 
10 
0 
10 
90 
0 
0 
4 
20 
82 
tr. 

0 

4 

0 

200 

250 

10 

10 

4 

4 

100 

100 

100 

100 

10 

10 

450 

6 

1 

2000 - 

tr. 

tr, 

tr. 


PRESENCE OR ABSENCE OF 
aRCUlATING VIRUS 

p 

DAY or 




DEATH 

3rd day 

4th day 5 

thday 


0 

0 

— 


— 

+ 

0 



0 

— 



0 

-b 

6th 

— 

-b-b 

— 


— 

0 

— 


-h-b 


— 

5th 

— 

0 

— 


0 

0 

— 


— 

-b-b 

— 




0 

- 

30th 


0 

— 




-b-b 

- 

4th 

— 

+-4- 




-b 

— 




0 

- 

5th 



0 

— 


— 

-b-b 

— 


— 

0 

— 

25tli 


1 ^ 

0 

17th 

] 

++ 

0 

21st 

0 ■ 

0 

— 


0 

0 

— 

5th 

++ 

++ 

- 

4th 

++ 


— 

4th 


+4- 

++ 




— 

4th 

++ 

+4*4-' 

— 



0 

+ 

1 

— 

+++ 

— 

! 

— 

++ 

— 


++ 

+ 

— 


n 

+++ 

0 

I 

4th 

- + 

0 

- 

4th 

0 

0 

0 


0 

0 

0 

27th ! 

0 

0 

0 

i 


TEST 


3/6 

1/6 

5/6 

6/6 

1/6 

0/5 

5/6 

4/5 

4/4 

4/6 


0/6 


5/6 

2/5 

1/4 

0/6 

2/6 

2/6 


Avenge 

survival 

time 


5.5 

6.7 

5.7 

8.2 

5.7 

9-3 

10.0 

6,2 

5.0 

9.5 

9.0 

10.0 
9.5 


5.3 


9.7 

S.O 

7.5 

5.7 
S.O 
7.3 


M.L-D. 

mouse 


19 

no 

19 

19 

19 

19 

no 

19 

19 

250 

no 

no 

103 


no 


103 

103 

103 

103 

103 

20 


Notes: Tr. = less than 1 n^ouse mLd. o^vims^ - kii,e?by'se;um diluted 1:10 and 1:100; +++ 

control mice killed by pure semm only, ++ ” , 

killed by serum diluted 1- 1000. 


dilute of l:I0 a»d 1:100, a.d “+++”*“ 

It is interesting that the u y 


Saimiri monkey. Forty-eight , 

been inoculated with this , 33 , 

another without the recoverj^ of virus in any 
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-The 3 opossums (217, 218, and 219) inoculated 
with this serum did not show circulating virus; 
No. 217, however, circulated virus after a later 
inoculation with rehydrated serum of No. 203, 
so the first inoculation was surely non-infective. 
The Saimiri monkey showed a very delayed in- 
fection (\drus first in circulation on the 5th day), 
indicating the inoculum had contained only a 
minute trace of virus. We at first thought that 
the virus of No. 215 might have sho^vn a qualita- 
tive change due to the repeated opossum passage, 
rendering it non-infectiyc for white mice; but 


did successive animals show regular^ increasing 
series of titers of circulating \nrus. 

Other hifeciion Experiments with Brenvn Hashed, 
Opossums 

A few miscellaneous Melachinis infections are 
summarized in table 3. Circulating virus was 
recovered from 9 of 13 animals in these experi- 
ments. Of 29 inoculations in the serial passage 
'experiment in which the inoculum contained 
demonstrable virus, the virus was recovered in 21 
cases. Combining these 2 series we get a total 


TABLE 3 


MUedlaneoiis hijections of Mctachirus 


jirTAcniRus 

rRELVOeVtATm PROTEC- 
TION TEST 

\7EUS STRAIN 

: dosage of 

1 VIRUS 

EXPRESSED 
AS M.L D. 
MOUSE 

1 PRESENCE OR ABSENCE OF | 

1 aBCUIATING VinVS j 

i. _ _ 

POSTINOCUtATlON PROTEC- 
TION TEST 

Sur- 

vh'al 

ratio 

Average 

survival 

time 

M.L.D. 

mouse 

3rd day 

day 



Sur- 

vival 

ratio 

Average 
survival 
time i 

MX.D. 

mouse 

111 

0/5 

i 6.0 

i 135 

Martinez 

106 

— 

0 

1 + 





124 




Met. Ill 

tr. 


— 


0 

6/6 

10.0 

25 

129 




Met. 124 

1000 

- 

— 

' + 


6/6 

10.0 

25 

131 

5/6 

9.3 

25 

Martinez 

ztlO® i 

— 

— 

-f 

— 




133 

0/6 

5.0 

63 ; 

Martinez 

50,000 

— 

- 

+ 

— 




171 

0/6 

5.0 

19 

Martinez , 

800 

— i 

— 

0 

— 1 

j 



200 

0/6 

5.8 

110 

Asibi 

5,000 

— i 

0 


— 

1/6 

7.2 

103 

220 




Volcanes 

2,000 

+■4- ! 

— h 

+ 

- 




221 




Vokanes 

2,000 

++ 

0 

0 
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6 
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0 

— 

— 
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0 

0 

++ 



1 
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6 

++ 
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! 

219 (2) 




Met. 203 

6 

0 i 

0 

0 


1 

I 



Notes: Tr. « less than 1 mouse mJ.d. of virus; — = not bled; 0 “ bled, but no demonstrable virus; ~ 
control mice killed b)' pure serum only; ++ = mice killed by serum diluted 1:10 and 1:100; 4*+-h = mice 
killed by serum diluted 1:1000. 


there is no ctndcncc for this, Saimiri monkeys 
arc apparently susceptible to virus doses too small 
to be detectable on mouse inoculation (Bates, 
1944), and the present case seems merely to 
be another example of the sensitmty of these 
monkeys. 

It is dear that virus was carried through 10 
serial passes in tlic brown masked opossum, and 
that it was infective for Saimiri monkeys after 6 
passes and after 10 passes. It is not, however, 
clear that there was any measurable adaptation 
to the marsupial host in the course of these 10 
ixisses. Infection seemed much more regular after 
the 5th pass, but the strain \\’as lost m opossums 
at the 10th pass, and nowhere in the c.vpcriment 


rate of virus recovery of 72 per cent. It seems 
likely that in many cases circulating virus was 
overlooked through failure to bleed on the proper 
day. In other cases, it seems certain that the 
animal did not receive an infective dose, as virus 
uTis circulated on rdnoculation. We have not 
noted any clinical symptoms of virus infection in 
this spedes. Death could usually be ascribed 
cither to helminth parasitism or to injur>’ incident 
to bleeding. 

Infection Experiments teitk Grey Masked Opossums 

InfccUon experiments \rith 28 grey masked 
opossums are summarized in table 4. The data 
have been given in detail because of the irregular 
times at which animals have been bled for circu- 
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lating virus. It is, of course, perfectly possible 
that an animal bled on the 4th day only showed 
circulating virus at some other time; bleedmgs 
have usually been made on this day because virus 
was recovered most frequently from the brown 
masked opossum after that inter\"'al. It will be 
noted that virus was certainly recovered from only 


lii several cases the 2 masked opossums were 
inoculated at the same time with the same virus 
dose. These cases are tabulated in table o. 

Bugher ct al (1941) report the recover}^ of drcu- 
lating virus from 3 of 15 specimens of the grey 
masked opossum; we have recovered \drus from 1 
of 28. It is obdous from this that the grey species 


TABLE 4 

Bislorics oj Mciachirops h\oc\{{(xUd. wjV/i yr/te/crcr errur 


ifETA- 

CHmops 

NmnsEx 

P»EIKOCUL\TIOX PEOTECnO.V 
TE5T 

VERUS STSAtK 

D05,\GE 
OP WRVS 

expressed: 

AS M-t J). 
ilOESE 

PRESENCE OR ABSENCE OP 
CIRCOEATJNG VIRUS 

* 

POSTTNOCULATION PKOTEC- 
TION TEST 

Survival 

ratio 

Average 

sun-ival 

time 

mouse 

3rd day 

4tbda\ 

5th da^ 

' 9th day 

Sur^dval 

ratio 

Average 

saryivai 

time 

MX.D. 

inoU5C 

100 





5,000 

— 




0 

0/6 

6.0 

n 

101 

5/6 

9.3 

135 


5,000 

-- 

— 

— 

0 

0/4 

6.5 

B 

103 

1/6 

7.7 

135 

iSIartinez 

10 

— 


0 

— 
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Martinez 

10= 

— 

— 

0 

0 

2/4 

S.O 

25 

135 

3/6 

8.0 

25 

Martinez 

50,000 

— 

— 

i 1 





168 

0/6 

6.0 

19 

Martinez 

800 



0 

-- 

2/6 

7.3 

no 

169 

3/5 

9.0 

19 

Novoa 

60,000 



0 

-- 

1/6 

6.3 

no 

189 

0/5 

7.4 

110 

Novoa 

2,000 


0 

— 

-- 

0/6 

5.7 

103 

190 

1/5 

6.8 

110 

Novoa 

2,000 


0 






191 

1/5 

7.2 

110 

Novoa 

2,000 

— 

0 

— 

-- 

2/6 

7.0 

103 

192 

3/5 

8.0 

no 

Novoa 

2,000 

— 

0 

— 


0/6 

6.2 

103 

193 

1/6 

6.8 

no 

Novoa 

2,000 


0 



0/6 

5.7 

103 

196 

0/6 

5.5 

no 

Asibi 

5,000 

— 

0 



0/6 

6.3 

103 

197 

0/6 

5.7 

no 

Asibi 

5,000 

-- 

0 



1/6 

6.7 

103 

198 

0/6 

6.0 

i no 

Asibi 

5,000 


0 

— 

— 




199 

0/6 

5.2 

i no 

Asibi 

5,000 

— 

0 

- 

— 

0/6 

4,8 

103 

205 




Met. 195 

100 

0 

0 

0 

— 




206 

0/6 

6.0 

103 

Met. 195 

100 

0 

0 

0 

— 

0/6 

5.0 

103 

207 

0/6 

5.3 

103 

Met. 195 

100 

B 

0 

0 

— 

0/6 

5.3 

103 

208 

0/6 

7.3 

103 

Ivlet. 195 

100 

B 

? 

0 


0/6 

7.2 

103 

209 

0/6 

6.7 

103 

Alet. 195 

100 

B 

0 

0 

- 

0/6 

6.0 

103 

210 




Volcanes 

2,000 

0 

0 

— 

— 




21.1> , 




Volcanes 

2,000 

B 

0 

— 

— 




212 * 

j 



Volcanes 

2,000 

B 

0 

— 

— 
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Volcanes 

2,000 


0 

— 

— 
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I^Iet. 203 

6 

0 

— 

— 

— 
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Met. 203 

6 

0 

0 

0 

0 




216 




Met. 203 

6 

— 

0 

0 

0 





1 animal (No. 135); this was following intraperi- 
toneal inoculation with a large dose of * ‘Mar- 
tinez^' virus after its 2nd pass through Saimiri 
monkeys. Mouse mortality from the inoculation 
of serum of this animal was very irregular: death 
occurred in 2 of 6 mice inoculated with pure 
serum, 5 of 6 inoculated with 1:10 dilution, and 

2 of 6 inoculated with 1:100 dilution; the mouse 
mortality was regular on passage of brain material 
from the paralyzed mice. 


must be classed as refractory to infection with the 
virus of yellow fever of the strains used and under 
the conditions of these experiments. 

Antibody Response as Mcasjircd by the Intracerebral 
Protection Test 

Protection test results have been given in the 
various animal histories tabulated in preceding 
pages of this paper. The tests were carried out 
with the intracerebral method of Theiler (1933) 


I 
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as described by Bugber (1940). Essentially, serum 
to be tested is incubated for 2 hours at a moderate 
temperature (27® to 30®C.) with an equal amount 
of a knoum dilution of neurotropic virus; the mix- 
ture is then inoculated intracerebrally into sus- 
ceptible white mice in 0.03 cc. amounts, together 
with appropriate controls. The advantage of this 
method over the standard intraperitoneal method 
described by Sawder and Lloyd (1931) is that 
tests can be made with relatively small amounts of 
serum. Usually 6 or 12 mice are inoculated with 
a given serum-virus mixture; if the serum contains 
no virucidal properties, all the animals die on the 
4th or 5th day after inoculation ; if virucidal proper- 
ties are present, the death of the mice may be 


TABLE 5 

Parallel infections of Mclachirus and Metachlrops 



ilETACHIRUS 

METACmEOPS 

VIRUS STRAIN* AND UOSACE 
(MOUSE 

: Num- 
ber 
inocu- 
lated 

No. 
circu- 
lating 
i virus 

: Num- 1 
,bcr 
inocu- 1 
laied 

NV. 

cirp- 

lating 

virus 

Asibi, 5,000 m.l.d., in- 
trapcritoneally 

1 

0 

j 

1 

4 1 

0 

Volcancs 2,000 m.l.d., 
intrapcritoncalb’ 

2 i 

2 ; 

4 i 

0 

Metachinis 195 100 

m.l.d., intramuscularly 

4 

4 

i 

5 1 

0 

Metachinis 203 6 m.l.d., 
intramuscularly 

2 : 

1 1 

3 

0 

Total 

9 1 

7 1 

16 1 

i 

0 


delayed or none may be killed. Tests are run 
for 10 days, and the result is expressed as a frac- 
tion indicating the number of mice living at the 
end of the 10-day period, and by a number repre- 
senting the mean number of days that the mice 
lived. Thus a result of *‘0/6, 4.5’^ indicates that 
all mice were killed, and that the average sur\dval 
time was 4.5 days. ^*6/6, 10.0’’ would indicate 
that all mice lived; since the test is discontinued 
at 10 days, the average sur\u\Til time is 10.0. 
In so far as it is apparently impossible to achieve 
complete standardization of virus dose, the dosage 
actually used in a particular test has been added 
in the case of all tests listed in this paper. Tests 
of sera reported on here have been run with virus 
doses from 19 m.l.d. to 250 mJ.d., and 

such %7iriation naturally results in differences in 
mouse survival, though the differences due to this 
factor seem to be much less than one might expect. 


The “interpretation” of a particular test run 
must always be made with reference to titrations 
of a standard pool of known immune serum run 
in a control series. In theor>^ a completely nega- 
tive result wnuld be “0/6, 4,5” and a completely 
positive result “6/6, 10.0.” 

The intracerebral protection test seems to be a 
reliable guide to infection in man (Thciler, 1933), 
and wn have found it to be a reliable guide in work 
with Saimiri monke 3 ^s (Bates, 1944), only 12 
per cent of the results with sera of 50 wild animals 
being “doubtful.” The results with marsupial 
sera are, however, very puzzling. The contrast 
between the brown masked opossum (Mctacliirus) 
and the grey masked opossum {Afctachiraps) is 
particular^ striking in this regard. The majorit}' 
of the brown masked opossums with which we 
have experimented show' perfectly “normal” be- 
havior: that is, an animal with a “negative” pre- 
inoculation protection test will show' circulating 
virus when inoculated with virus, and a protection 
test with its postinoculation serum will show’ 
definite protective pow’er — a “positive” result. 
With the grey masked opossum, how’cver, wt can 
detect no relation between the protection test 
result and exposure to the virus of j^ellow' fever, 
and even with the brown species there are a strik- 
ing number of anomalous results. 

The average sunival time of the mice used in the 
test is considered by Bugher (1940) to be a reliable 
index of the protective pow’er of the serum. It is 
interesting, as a test of the effect of virus inocula- 
tion on protection test results, to compare the 
means of the average survival time of mice with 
pre- and postinoculation sera from the same 
animal. This has been done in 6 -This 
table is based on the experiments reported on 
previously by Bugber cl aL (1941), as w’cll as on 
those covered in the present paper, in order to 
include as large a number of animals as possible. 
The 5 Saimiri monkeys are those listed in detail 
in table 1 of Bates (1944). The “rhesus con- 
trols” are based on 22 tests, each with pools of 
normal serum and dilutions (1:4 to 1:40) of im- 
mune pools used in the protection tests in \vhich 
marsupial sera were run. 

Even if a certain number of preinoculation sera 
of the marsupials w’cre positive because of exposure 
to 3 ’ellow' fever in the w’ild state, the jyostinocula- 
tion sera of tliese animals should continue to be 
positive, so that the mean average sur\i\’al time of 
postinoculation sera as a w’hole should be dis- 
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tinctly greater than the pteinoculation survival 
time. This is true with the rhesus controls, with 
Sairntri sduratSy and with Mctachirus iiudicattda- 
ius. 

The diiiercnce with DidcJphis 7mrsupiaUs is so 
slight that it might well be considered as chance, 
and the postinoculation sera of Mdachirops epos- 
stnn actually show a slightl}" lower sundval time 
than the prcinoculation sera! 

TABLE 6 


Average survival tune of viice used in intracerebral 
protection icst$ of pre- and postinoculalion sera 
from the same ajiimals 


SPECIES 

KO. 

ASI- 

xniAK OP A^XRACE SlIK- 
WAt TfUE OP PKOTECTIOK 
TESTS 


MALS 

! pre- 
jnocu- ; 
lation 

post- 

inocu- 

lation 

Differ- 

ence 

Rhesus controls^. ..... 

! 22 

1 5.40 

9.19 

+3.79 

Saimiri sciureus^ 

Mctachirus nudicau- 

5 

5.18 

7.94 

+2.76 

ildast 

i 24 

5.87 

7.60 

i +1-73 

Didclphis marsupialis ^. . 

64 

5.50 

5.79 

i +0.29 

Mdachirops opossum^, . 

1 35 

6.55 

6.44 

i -0.11 


* Control sera on protection tests: the postinocula- 
tion sera are dilutions from 1:4 to 1:40 of immune 
pools. 

f Histories detailed in table 1 of Bates (1944). 

J Twenty animals with complete histories from 
present studies and 4 from experiments made by Dr, 
J. C, Bugher. 

§ Data from experiments by Dr. J, C. Bugher: means 
of all animals on which complete histories were 
available. 

^Fourteen animals from experiments reported in 
the present paper and 21 am'mals from experiments 
made by Dr, J, C, Bugher. 

Specific examples of erratic behavior can readily 
be found by inspecting the results summarized in 
tables 2 and 3 (Mctachirus) and table 4 (Meta- 
chirops). It is difficult to convince oneself that 
some of the unexpected results wdth the brown 
masked opossum may not be due to mistakes. 
The results with animals 176 and 177, for instance, 
would seem perfectly clear if one assumed that the 
animals were switdied before tlie postinoculation 
bleeding. In other instances, however, we have 
been unable to explain the results by assuming a 
mistake with cither the animals or the sera, and it 
seems clear that "false positive^’ reactions occa- 


sionally occur in the brown masked opossum (No. 
183 (2) in table 2 and No. 131 in table 3). 

These "false results’" are exceptional with the 
brown masked opossum, and a much larger series 
of experiments would be necessary before their 
significance could be evaluated. An inspection of 
the results with the grey masked opossums (table 
4), however, shows that all results seem to be 
completely random. The only animal that showed 
circulating virus (No. 135) had a preinoculation 
test that would normally be considered "positive," 
and animal No. 101 shou’s a clearly positive pre- 
inoculation test and an apparently negative post- 
inoculation test — the two made in the same protec- 
tion test run. A similar result was obtained on a 
repeat test writh the prcinoculation serum. The 
protection test data obtained by Dr. Bugher with 
the grey masked opossum show a very similar 
distribution to the data summarized in table 4. 
In all of Dn Bugher’s records on this species, 16 
of 44 wild sera were interpreted as "positive;" 
in our recent tests, 9 of 28 sera were so interpreted. 
This gives a 36 per cent "positive" result in the 
first series, and a 32 per cent "positive" result in 
the second series. The 3 animals from which Dr. 
Bugher recovered virus all showed dearly "nega- 
tive" premoculaiion protection tests, but this 
might well have been due to chance, just as it is 
surely a chance result tliat the only animal from 
which we secured \rirus showed a "positive" pre- 
inoculation test. The striking similarity between 
tlie preinoculation and postinoculation tests of the 
fairly large series of grey masked opossums aver- 
aged in table 6 would seem surely to mean that 
the protection test result is not related to exposure 
to yellow fever virus vi the case of this particular 
species. 

The interesting thing is the sharp difference in 
beha\dor, both \vith regard to circulation of virus 
and protective power of serum, between the brown 
and the grey masked opossums. It seems to us 
that the virucidal properties shovm by the sera 
of the grey masked opossums are probably largely 
non-specific, and that the specific response in the 
brown species is confused by occasional non- 
specific reactions. A similar situation has been 
reported by Findlay cl oh (1936) with sheep sera, 
and by Bugher (1940) witli sera of various ani- 
mals. One cannot be sure at present to what ex- 
tent tliese anomalous protection test results with 
marsupials are properties of the sera, and to what 
extent properties of the type of test used. The 



YELLOW FEVER VIRUS IN MARSUPIALS 


101 


range of possible differences in protection test 
results with the same serum, depending on the 
type of test used, is nicely shown in a recent paper 
by WTiitman (1943). The subject is surely worth 
more detailed investigation. 

Toxicity of Sennit for White Mice 

In a previous paper (Bates, in press) the toxicity 
of Saimiri monkey serum for white mice is dis- 
cussed. The same phenomenon is shown to a 
varying degree by sera of various species of mar- 
supials. Mortality caused by inoculations with 
pure serum and by tenfold dilutions has been sum- 
marized in table 7; the “No. killed” is based on 
mice found dead 24 hours after inoculation, al- 
though the toxic action of the serum is usually 

TABLE 7 


Toxicity of marsupial sera for mice 



PUEE SEEUM 

I DILUTION 1:10 

SPECIES 

No. 

inocu- 

lated 

No. 

killed 

! ' 

Per 
; cent 

No. 

inocu- 

lated 

No. 

killed 

Per 

cent 

Mctachirus mi- 
dicaiidalus . . . 

426 

9 

2.1 

426 

6 

1.4 

Metachirops 







opossum 

258 1 

104 

40.3 

258 

6 

2.3 

Didelphis mar- 

! 

1 





supialis 1 

222 

86 

38.7 

222 

4 

1.8 

Caluromys Ian- : 







i^er 

72 

3 

4.2 

72 ! 

3 1 

4.2 

{Saimiri scitt- 
rcus) 

528 

1 

308 

1 

58.3 , 

708 1 

i 

23 1 

3.2 


immediate. The tenfold dilutions show' about the 
normal mouse mortality from injury due to the 
intracerebral inoculation itself, and serve as a 
control on the mortality caused by pure serum. 

The interesting thing about this table is the 
sharp difference between the serum of the browm 
masked opossum {Mctachinis) and the grey species 
{Mclachirops). In this respect, as well as wdth 
regard to reaction to the virus of yellow fever, 
the 2 species show ver>' different serological 
properties. There seems to be no relation between 
this toxic action and yellow' fever: Metachirops, 
resistant to yellow fever infection, has serum toxic 
for mice, as docs Soivtiriy a species highly sus- 
ceptible to yellow' fever infection. Mciachirus, 
a relatively susceptible animal, show's little or no 
toxic serum action. It is interesting that Mela- 
chirops, with respect to toxicity of serum, sus- 


ceptibility to yellow fever, and protection test 
reaction, seems to be more similar to Didelphis 
than it is to Meiachinis. 

DISCUSSION 

If we combine the experiments reported by 
Bugher ct aL (1941) and those reported in the 
present paper, we get the following rates for re- 
covery of virus in animals inoculated w’ith know'n 
virus: 

Browm masked opossum: 34 of 47 animals = 
72 per cent. 

Grey masked opossum: 4 of 43 animals == 9 
per cent. 

Animals that have been bled daily have often 
shown circulating virus on only one bleeding, so 
it is likely that some cases of circulating vixus 
have been overlooked because the animal w'as not 
bled on the proper day. Nevertheless, the figures 
are comparable, in so far as both species w’cre bled 
wdth about the same regularity. 

With the browTi masked opossum, several ani- 
mals that have been inoculated with small virus 
doses and that have not showm circulating virus 
have subsequently circulated virus after a second 
inoculation. This same behavior has been found 
in the case of 2 common opossums {Didelphis 
inarsupialis). This would seem to show' that the 
first inoculation w’as completely non-infective. 
We have on several occasions tried reinoculating 
animals that have circulated virus once, but in no 
case have we been able to demonstrate circulating 
virus a second time, though this w’ould seem theo- 
retically possible. It seems at least dear that mere 
inoculation wdth an appreciable virus dose (as 
measured in terms of mouse m.l.d.) does not neces- 
sarily result in immunity to subsequent infection 
in either Mctachinis or Didelphis, and this in itself 
indicates that susceptibility and resistance to 
yellow fever v'irus in these animals differ strik- 
ingly from that observed in primates. 

It also seems curious that the serial passage of 
virus through 10 brow'n masked opossums resulted 
in no demonstrable increase in virulence or infcc- 
tiousness for that spedes or for the related grey 
masked opossum. The strain of virus used seemed 
as precariously adapted to the marsupial host at 
the end of the e.xperimcnt as at the beginning. 
One is led to suspect that tliis serial passage ex- 
periment w'as a mere lour dc force: a laboratory 
phenomenon impossible to interpret in terms of 
possible relationships bctw'cen virus and marsu- 
pials under natural conditions. 
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It seems to the author that it is impossible, in 
the present stage of our loiowledge, to evaluate’ 
the results of any of these marsupial experiments 
in terms of the possible epidemiology of jungle 
yellow fever. Several unsuccessful attempts have 
been made to infect mosquitoes on marsupials, 
chiejSy using Haemagogns capricornii, the species 
presumed from field evidence to be the chief 
local vector. These failures, however, cannot be 
given much weight because, while it has been 
possible to infect this mosquito by allowing it to 
feed on Saimiri monkeys, transmission under labo- 
ratory conditions has been highly irregular even in 
Saimiri experiments. We have secured trans- 
mission with Bamagogus infected on Saimiri 
monkeys only when the mosquitoes have fed on 
monkeys circulating virus with a titer in excess of 
1:100,000. We have in no case found virus in 
circulation in marsupials with titers appreciably 
in excess of 1:1000 (always judged by mouse 
inoculation) and under these circumstances in- 
fection on marsupials would seem, prima Jade, 
unl^kel 3 ^ Yet it is very possible that some im- 
portant factor in the transmission mechanism has 
been overlooked, and judgment should be re- 
served until we have a better understanding of the 
conditions governing the infection of mosquitoes 
like Haemagogus capricornii under laboratory’' 
conditions. 

SUHilARY 

1. The virus of a Colombian strain of yellow 
fever \vas maintained in the bromi masked opos- 
sum {Mctachiriis niidicauiain^) for 10 consecutive 
passes by the intramuscular inoculation of serum. 

2. There was no apparent increase in virulence 
or infectiousness of the virus for the bro\\m masked 
opossum or for the related grey masked opossum 
in the course of these passes. The virus seemed 
equally infectious for Saimiri monkeys both be- 
fore and after serial passage m the brown masked 
opossum. 

3. The grey masked opossum [Mclachirops opos- 
stivi) was found to be resistant to infection ^^dth 
the strains of yellow fever virus tested; circulating 
virus was recovered from only 1 of 28 animals. 

4. Brora masked opossums which failed to show 
circulating virus after inoculation with small but 
demonstrable doses of vims sometimes circulated 
virus after a 2nd inoculation with the same or 
different strains of virus. Animals that had circu- 


lated virus once failed to show a 2nd circulation 
of virus on reinoculation. 

. 5. Antibody response, as measured by the in- 
tracerebral protection test, was usually regular in 
the brown masked opossum, but a few sera seemed 
to give ^‘false reactions'' and a somewhat larger 
number of sera failed to show protective power 
even though taken from animals that had circu- 
lated Aurus. 

6. The results of the intracerebral protection 
tests vdth sera of the grey masked opossum seemed 
to be completely unrelated to exposure of the 
animals to the \drus of yellow fever, 

7. Serum of the grey masked opossum was found 
to be highly toxic for mice on intracerebral inocu- 
lation, killing about 40 per cent of the mice; serum 
of the brora masked opossum did not show this 
toxic p^opert}^ 

8. The evidence available with regard to the 
possible role of these marsupials in the epidemiol- 
ogy of jungle yellow fever is inconclusive. 
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PART I 

Medical personnel accompanymg the Armed 
Forces in the field, at home, and scattered widely 
over the world, make this an unprecedented op- 
portunity for the collection and study of mos- 
quitoes. 

Not all mosquitoes transmit disease, and not all 
Anopheles transmit malaria. If only from an 
economic point of view, the impossibility of elim- 
inating all forms of mosquito life in or about 
militarized areas, isolated outposts, airfields and 
temporary bivouacs can readily be seen. 

Accurate knowledge of the habits of mosquitoes, 
as to the conditions under which they breed, their 
range and hours of flight, their day time hideouts, 
their preference for animal versus human blood, 
whether or not they enter houses to feed, etc., and, 
above all, whether or not they are capable of 
transmitting disease, is, therefore, of economic as 
well as medical importance, to enable Aledical 
Officers to successfully combat their menace to 
the health and efficiency of the Military and Naval 
Forces. 

The above is equally applicable to any enlight- 
ened civil government which works with, or follows, 
Field Forces. 

Yellow fever and malaria have changed the 
course of history and may well do so again. 

There are about 1600 known species of mos- 
quitoes distributed over most of the world, of 
which nearly 200 belong to the genus Anopheles, 
and yet, at this time, only about one tenth of these 
Anopheles arc recognized as important vectors of 
human malaria. 

Troop concentrations and careful entomological 
studies in new Theatres of Operation will undoubt- 
edly incriminate new or hitherto unsuspected 
species. 

Of all the species, A. gambiac, of Equatorial 
Africa, is the greatest enemy of man, not only 
because of her persistence in hunting human bait 
and her ability to transmit tlie three most impor- 
tant types of human malarki, but because of her 
high degree of infcclivity. 


About 1930, Anopheles gainbiac was accidentally 
introduced in to the New World by French gunboat 
or plane. Although originally confined to one 
Brazilian valley, it became so important that, 
during the first six months of 1938, it alone caused 
the most severe epidemic of malaria ever occurring 
in the Americas, with 100,000 cases and 14,000 
deaths in that half year (1). 

A7topheles mosquitoes breed as far north as 
Southern Finland, menace the personnel of ships 
in malarial ports, as well as entire populations, 
and annually cause untold disability among 
millions. 

This paper, then, is written for the man in the 
field, equipped only with a hand lens, reference 
data in compact form and a few rugged articles of 
collecting paraphernalia, in order that he may 
obtain specimens of eggs, larvae and adults from 
the area in which he is operating, and be able to 
make a working identification. 

Only when their identification has been made, 
habits, preferences and disease bearing possi- 
bilities studied, from reference data of knowm 
species, or carefully worked out from study of 
new species, can the problem be solved. 

Life history and habits 

Adults, After emerging from the pupal case, 
the newly metamorphosed adult (imago) rests on 
its empty floating pupal case for a few moments, 
preening and exercising its wings, after which it 
flies away to a nearby hideout in daylight, or to 
the nuptial flight if at night. 

Shortly after this swarming, the males depart 
for the vegetation upon which they entirely exist, 
\vhiie the gravid females (possibly after a few 
vegetable juice meals) seek a blood meal, according 
to their specific inherited habits. 

Nonrinfcctious at this stage, it is only after 
she has bitten an indi\ndual infected \\i\h some 
mosquito borne disease that she becomes in- 
fectious. 

Unfortunately, tlic gra\nd female demands more 
than one blood meal and, because she may remain 
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CHART 1 

Adults: Table of pr^erenccs of Panama Afiopjj'eles 
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Larva: Table of preferences of Panama Anopheles 
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infectious for clays or months, she remains a 
menace. 

The propensity of the males to avoid humans, 
and for many species of females to seek humans, 
explains why, in an “honest catch’ ^ of adults, the 
latter far outnumber the former, unless the catch 
was made at or very near the breeding waters. 

The gravid female deposits her eggs according 
to instinctive habits of her particular species (see 
chart 2), which make the Sanitary’’ Inspector’s 
work simpler, provided he is familiar with, or has 
handy access to data on these important points. 

Having deposited her eggs, singly, as in Anophe- 
les and Aedes^ or in honeycomblike rafts, as in 
Culcx] in water, mud or, in some species just above 
the water line, she flies away for further impregna- 
tion and blood meals. 

Her range of flight varies from a few hundred 
yards to several miles, if wind borne (2). 

Practically all species seek dark day time hiding 
places except, of course, those who naturally in- 
habit deeply shaded areas in the Rain Forests, 
and these may become annoying day-time feeders. 

^Mosquitoes arc attracted to lights and light 
colors, hence the fact that white men and animals 
arc more attractive bait than their darker fellows. 

Body surface area also attracts, thus a white 
horse attracts more than most other animals, a 
fact that has been used by one of us to advantage, 
in placing our pack train between the town and 
our troops in bivouac. 

Conversely, smoke and smudges are avoided, as 
are certain essential oils and chemicals. 

Mosquitoes can, and do, habitually withstand 
the rigors of subarctic temperatures. They can- 
not, however, survive heat of over 120 degrees 
Fahrenheit, so arc absent in certain areas during 
the summer. 

lanac, pupae. After a few daj-^, depend- 
ing upon favorable circumstances, such as warm 
weather, the eggs hatch, producing the first stage 
of larval life. 

These tiny larvae spend most of their time just 
under the surface of the water, or in the case of 
}fansonia and some other genera, arc more or less 
permanently attached to the roots of aquatic 
vegetation. If disturbed, the surface breeders 
dive or scurry away. 

They moult several limes, each time shedding 
their skin. In u*arm weather, the>e moultings 
may take place in three to five days, when partial 
metamorphosis takes place, giving origin to the 
pupal stage. 


The pupal stage may last from 24 to 48 hours. 
These pupae likewise spend most of their time at 
the surface of the water. When disturbed, they 
“tumble” away in a series of somersaults or rapid, 
active, jerky motions. 

Collection of specimens 

It is not intended to discuss here all the methods 
in use, but merely those that may be used under 
field conditions. Inasmuch as adults, eggs, 
larvae and pupae are desired for stud\% there are 
certain items of collecting equipment necessary for 
the adult group, and for the other stages. 

When going on a mosquito hunt, proper equip- 
ment should be taken into the field . Some suitable 
carrying case is essential, and this may be in the 
form of a canvas bag containing pockets, in which 
bottles and other equipment may be fitted. 

A leather German cartridge case makes an 
excellent container, having, as it does, three sepa- 
rate pockets, each by 3'' by 3", as shown in 
photograph. In the field, this is best carried on 
the web pistol belt, and should contain items for 
the collection, examination, identification and 
transportation of adults, eggs, lar\’^ae and pupae. 

In any event, it should contain corked vials, 
at least -J-" in diameter and a set of pill boxes al- 
ready prepared. These pill boxes should have a 
small amount of powdered naphthalene and para- 
dichlorobcnzcne in the bottom, with a tight fitting 
disc of blotting paper perforated in several places 
with a needle. This combination protects against 
psocids and other predacious insects, and also 
helps materially to keep out mould. If para- 
dichlorobcnzene is not readily obtainable, then a 
concentrated solution of naphthalene in bcach- 
wood creosote can be used, a drop of this on the 
bottom of the pill box, and over this cither a disc 
of blotting paper or a disc of sheet cotton. 

The mosquitoes in the killing tube should be 
allowed to slide into the pill box, not too many 
to a la\’cr, then a disc of sheet cotton, or .soft 
tissue paper, then more mosquitoes, another disc, 
and so on. The important thing to remember is 
not to handle the specimens with the fingers, and 
to take every precaution not to rub off any of the 
scales. The pill box should not be j)ackctl down, 
but also the mosquitoes must not be so loose that 
they can move about. Some taxonomists insist 
in even greater care, which merely emphasizes 
that a rubbed, or poorly-cared for s|>ecimcn is 
worthless. 

I£ach pill box must be klcntifiwl with a number 
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A set of ruled cards 3" by 5", should be included, 
and a flashlight carried, for searching out mos- 
quitoes in their hideaways. A hand lens of prefer- 
ably 10 diameters magnification must be carried 
if identification is attempted in the field, plus a 
compact, durable chloroform killing tube. 

Adults. Elaborate traps' utilizing electric lights 
and suction fans, as well as carbon dioxide (in the 
form of dried ice), or various combinations of these, 
have been described. For the purposes of this 
field paper, none is practicable. 

Trapping. An effective and simple net trap 
may be made by suspending one mosquito bed 
net over another, with a space of a few inches 
between the two, at the top and sides. The inner 
net is placed over the bed of a man, in the regular 
manner, properly tucked in and made mosquito 
proof; the outer net is then loosely placed over 
the inner, but openings arc left about its base. 
On waking, or just before dawn, the outer net is 
tucked under the bedding, when mosquitoes, 
which have been attracted by the human bait, 
may be killed by spray or caught in a chloroform 
tube or stupefied by tobacco smoke and captured. 
Another method is to suspend a mosquito net 
over an animal; a horse, preferably white, offers 
excellent bait. The net should have weights, 
sewn into its lower free edge or a purse string 
fastened in its hem. Numerous mosquitoes may 
be caught in this manner after the suspended net 
has been rather suddenly dropped over the animal. 

Other methods of value include a dark damp 
box or keg. An empty nail keg placed on its side 
and well covered with wet gunny sacking (part of 
which falls over the top of the opening) makes a 
natural day hiding place. 

A trap may be made by fitting a cone shaped 
piece of mosquito wire in a window screen or bed 
net. The apex of the cone is opened about one- 
half inch and a glass jar fitted tightly over the small 
end thus leaving an entry w^y and a baffle to 
prevent exit; not unlike a cage rat trap. 

Hand catching. Chloroforju killing lube. The 
well knowm chloroform killing tube widely used 
for many years, is prepared as follows,— A wide 
mouthed test tube is filled to a dcptli of about 1'", 
with a tightly wadded mass of absorbent cotton, 
which is saturated, about once each week, with 
commercial chloroform. About midway between 
this mass of wet cotton and the moutli of the tube, 
a lightly packed bit of cotton is placed, it being 
large enough to remain in place. A piece of leather 


or paper cut the diameter of the tube is placed over 
this cotton and the tube tightly corked. 

This tube, uncorked, is placed, wth an initial 
slow movement, followed by a final rapid thrust, 
over a resting adult, who is rapidly killed therein. 
Care should be taken not to scare away the insect 
by casting a shadow or blowing smoke over it. 
Mosquitoes should be left in the killing tube only 
long enough to kill them. 

To collect males, it is necessary to sweep grass 
in their breeding places, with a net made of mos- 
quito netting attached to a frame, not unlike a 
trout net. The circular opening should be at 
least 18^ in diameter and the net should be cone 
shaped and about 2' long. Llales are only caught 
near their breeding places. 

Sudion apparatus. Females are normallj^ 
caught around habitations, and upon animals and 
man, and it is necessary to collect them, if on the 
wing, with a suction tube. This consists of a small 
glass bottle with a funnel shaped opening in one 
end and an attached rubber tubing at the other 
end. A small bit of mosquito netting is put over 
the exit to which the rubber tubing is fastened. 
Two feet of rubber tubing, attached to a small 
mouthpiece, is used, and by mouth suction at 
arms length, mosquitoes in flight are dra^\Ti into 
the funnel shaped entrance of the bottle where 
they may be killed with chloroform. 

Cyanide used to kill, is inferior to chloroform, 
as it bleaches if specimens are left in it for too long. 

The best time for collecting indoors is at, or just 
after dawm, and at, or just after dusk. During 
the rest of the day the mosquitoes are well secluded 
and difficult to find. During the hours indicated 
they are nearly all at the screens. 

Since mosquito catching is a very important 
measure in the reduction of malaria, too much 
care can not be taken in the selection of good 
mosquito catchers, and enough additional men 
should be trained, from time to time, so that if 
more catdiers arc required, or if they are una- 
vailable for any reason, there will ahrays be others 
ready to step into the work. The eyes of all 
mosquito catchers should be examined, both re- 
garding sight and color perception. 

Sometimes mosquito catchers become lazy or 
otherwise indisposed to do their work honestly 
and well. Such men sometimes breed out mos- 
quitoes in order to have a supply on which to 
draw, or else tiicy retain mosquitoes which the 
Sanitarj*' Inspector has already examined, to 
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submit them another clay. Extremely dr}" speci- 
mens turned in by a mosquito catcher always should 
create a suspicion, and if, in the case of Anopheles, 
there arc males present in the catcli, this too, 
should require investigation. The best procedure 
in each case is to assume nothing unusual was 
noted, and to obscr\'c quietly the guilty col- 
lector's acts. 

Another source of valuable material and in- 
formation is collecting in the field at and after 
dusk. Often this requires only quiet and pa ticnce, 
because if Anopheles arc present, they will soon 
locate the bait. Two men arc better tlmn one 
because one of them can collect from the back of 
tlic other. 

Eggs^ lanac, and pupae. No general rules can 
be given as to where to search for eggs, lan^ac, 
and pupae. A sane guide is to overlook no body of 
water, however small, and especially to scarcli 
for small pockets of rater, natural or artificial, 
that arc protected by tall grass; search in discarded 
tins, pontoons, cayucas or coconut shells, as well 
as in the bases of palm leaves, or in water held 
between the leaves of bromelias, heliconias, eta, 
and even the stems of certain aquatic vegetation, 
as well as pot-holes and tree holes. 

The only exception is water recently oiled. 

A precaution tliat is not often heeded and which, 
if neglected, will yield negative results, is not to 
allow one^s shadow to pass over the water, or even 
to tread, other than lightly, when approaching a 
suspected water collection. If these points are 
neglected, larvae and pupae generally dive to the 
bottom, where they may remain several minutes. 

Eggs, These are at best difficult to detect, A 
convenience is to strain surface water thru a tiny 
white flannel strainer from which eggs (as well as 
larvae and pupae) may be removed with the pi- 
pette, and placed in vials containing water in 
which they were found. 

Larme and pupae. These should be scooped up 
and strained, or removed from scoop by pipette, 
or poured directly into jars. A serviceable scoop 
is an ordinary white enamel dipper, cup or saucer. 

If a portion of the white lining is covered with 
black enamel paint we have found that, under 
certain light conditions, and colors of larvae, they 
can be more readily detected. The first instar 
(moult) may be only 1 millimeter long and nearly 
transparent. 

In searching out pot-holes and tree holes, a 
long piece of rubber tubing may be connected to 
the open end of the pipette. 


Oire should be taken to prevent the specimens 
from much jarring enroutc, and from exposure to 
intense light and heat Specimens from each 
area, separately bottled, should be labeled, and 
cross references made to notes. 

A floating trap. An excellent type of trap for 
use in the dry season, at least, has been used by one 
of us during the past two years. It can be used 
in lakes, tide water, streams and ditches. In lakes 
and tide water, it has some value locally the year 
round. Torrential rains, however, make it of no 
value in streams and ditches during the rainy 
season, because of its capsizing, being washed 
away, and fouled with debris. 

Cheaply and rapidly constructed, it consists 
essentially of a wooden trough open at both ends, 
not unlike a carpenter's home made miter box. 
Ours have been made of boards, 6^ wide, and 
never more than long. Its upstream end 
(or upwind end when used in lakes or tide water) 
has a series of 3 wire baffles O'' square; the first 
being cut from a piece of chicken wire of approxi- 
mately 1 mesh, and tacked to one end of the box. 

The second baffle should have approximately f 
openings and is fitted into the box about I'' from 
the first one. The third baffle, or strainer, is made 
by pulhng enough strands from an ordinal}’^ piece 
of window screening, cut 6"" square, to make a 
mesh with openings about Y, and this is fitted 
about 2” from the preceding one. 

The object of these strainers is to prevent floating 
debris from entering, and to allow eggs, )ar%"ae 
and pupae to pass through, where they are finally 
caught in a piece of ordinary cotton sheeting which 
is fastened to the lower end of the box. 

This floating trap, sufficiently weighted with 
rocks or pebbles to remain half submerged, is 
anchored by a stout cord attached to the wire 
mesh end, where, if in a lake or tide water it will 
shift with tlie wind or tide. 

It should be inspected at least twice each week, 
when debris should be removed, specimens col- 
lected, and its ballast altered if necessary. 

Care of specimens 

Adults, The important points are: first that 
the specimen should be handled ^Yith great care 
and as little as possible, and, second that, par- 
ticularly in the Tropics, they may deteriorate 
rapidly, almost over night, unless protected from 
mites and moulds. 

The scales and tarsal tips, essential for differen- 
tial diagnosis, -are easily damaged or broken off 
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completely. Mosquito catchers must, therefore, 
be warned never to touch the insects, but to slide 
them gently into a prepared pill box and to dis- 
tribute them evenly therein. The catch should 
be emptied, when passing from one location to 
another, into a box, but should not be emptied 
while exposed to a wind or rain. 

After returing to a Base Camp these should be 
placed in a large glass jar, with a tight fitting top. 
It is assumed that the pill boxes have been treated 
as already explained, and hence, if care was taken 
in handling the adults, these should be in good 
condition when stored in the jar. It is well to 
fumigate the jar of pill boxes containing the adults, 
at least once a month. This fumigation is simple, 
as all that is necessary is' to pour some carbon- 
bisulphide into the jar, preferably upon a small 
dish placed on top of the pill boxes, and to have 
the lid closed tightly. The dosage is about 2 
cubic centimeters of carbon-bisulphide per cubic 
foot of space, a few drops per quart or pint jar; 
and the specimens should remain in fumigation 
at least 24 hours. An even simpler method is to 
put into each jar containing pill-box material 
about a tablcspoonful of powdered naphthalene 
and para-dichlorobenzene (50-50), renewing this 
when depleted. 

For permanent preservation carefully selected 
specimens, freshly killed, with wings in full spread, 
should be impaled on tiny entomological pins 
(minuten nadcln). Lacking such pins, very small 
sharp cactus, black-palm or other thorns 1 cm. 
long, may be used to puncture the thorax thru 
and thru. The spread wings are then carefully 
and delicatcl 3 '' pinned in position on a fiat cork 
surface (a bottle cork is large enough) and the 
whole placed in a jar of carbon-bisulphide fumes, 
and stored in a dark place for several daj^s, when 
the wing holding pins may be removed. 

The next step is to cut a 3 millimeter cork cube; 
this is slightly perforated with a large pin and the 
blunt base of the thorax piercing pin, or thorn, 
firmly inserted. This cork cube is perforated with 
a large common pin, the point of which is then 
imbedded in a larger cork, fitted to a test tube 
of about 1 cm. diameter. A drop of carbon- 
bisulphide is then placed in the test tube and the 
insect on tlic “double pin-cork set up” is put in, 
the test tube tightU^ corked, and thus it is per- 
manently protected and available for hand lens 
study from all angles. 

If microscopical slides and cover slips arc avail- 
able at a Base Camp, specimens can be saved for 


later microscopical stud 3 % Adults should be 
cleared in oil of clove, wings spread, partially 
dried, and mounted on tbeir sides in a drop of 
Canada balsam, under a cover slip. 

Eggs, larvae and pupae. These may be pre- 
served, following tlic usual procedure for making 
balsam mounts. 

Except for differentiating the eggs of Anopheles, 
Acdcs and Cnlcx from one another, it is believed 
that nothing more can be accomplished with a 
hand lens. However, these forms may, and fre- 
quently should, be bred out, being sure to use 
either the water in which the}^ were found or, 
lacking sufficient quantity of this, rain water (not 
roof drainage) collected in clean containers, or 
distilled water; preferably in the order named. 
Ordinary clean tumblers or preserve jars of various 
sizes should be on hand. After putting specimens 
in, these should be covered with a layer of gauze 
tied firmly in place. 

Properly marked for future identification, tlicse 
should be stored in any safe part of a screened 
building or tent. Th^e specimens must not be 
exposed to the direct rays of the sun. If so they 
may be killed by heat. Care should be taken to 
provide resting places, such as clean stones or 
chips of floating wood, in order that adults will 
not be forced to cling to the glass until they be- 
come exhausted, and fall into the water, where 
they drowm. 

Wffien hatched, the imagoes may be killed (after 
they are “hardened” and fully colored) in batches 
with chloroform, or stupefied by tobacco smoke, 
or allowed to fly into a larger breeding cage, in 
which, if food in the form of fresh yeast is provided, 
they may breed if given an occasional blood meal 
from an animal or human. 

If human biting is practiced, only one individual 
should be allowed to provide blood for any one 
cage of insects. Otherwise malaria may be spread 
as a laboratory infection. Such a transfer cage 
should only be permitted in a room or outbuilding 
screened off from adjacent habitations, as a 
sanitary precaution. 

Study of specimens 

Adidts, A rapid general examination should 
first be made, noting sex and tribe; scanning the 
thorax and abdomen for distinctive markings*, 
also wings, head ornaments and hind legs. 

In the case of Anopheles, a female vdW give more 
information, when examined with a hand lens 
only, than a male and, in insects caught in nature, 
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the fenmles will ordinarily fjutnurnber the males 
50 or 100 to U 

Note first tlic hind legs, checking coxa to prove 
that, in an apj)arent tangle of legs, the hind legs 
are, in fact, under o])?en’ation. Xole in turn 
femur, tibia, the first (the longest) tarsal segment, 
and carefully clieck to make certain that tlicrc 
arc not only five tan;;d segments present, but a 
tarsal claw as welh 

Always and invariably, not only examine against 
a white, ns well as a black background, hut by 
direct and transmitted liglit. A broad black and 
white band of paper fastened, thimble fashion, 
(or a black and white leather finger stall used by 
■one of us), over the lip of (he 4th finger, is a great 
convenience, ns examination can proceed against 
black or white liackground at will, by a slight 
movement of the finger holding the contrast 
background* 

Xole general coloration and markings of each 
joint, checking carefully ag:dnst plate. Note 
especially sjxits, bands and rings. 

In the Nysorrhynchus group, note the black- 
white ratio on the second hind tarsus in great de- 
tail, and compare it with its fellow on the op[)Ositc 
side, inasmiicli as the percentage of basal black 
to apical white is of <liagnostic imjwtancc in 
many cases. Note hlack-whitc ratio and location 
on fifth tarsus. Note markings and coloration of 
femur and tibia. If spotted or speckled, note 
ground color; note color, amount, location and 
she of spots. 

Male and female hind legs arc identical in 
markings. 

The female palps offer valuable dues, the five 
sections being examined in turn. Note the amount 
and exact location of white or light scales, espe- 
cially as to whether white scales arc at the base or 
apex of palp segments. 

In the wings, male and female markings are 
identical, as arc the markings of the legs. Note 
the size, c.xact distribution and the color of the 
\Ying vein scales and spots. Note cspcdally tlic 
coloration of the fringe where, in general, a dark 
tipped vein is followed by a dark fringe patch and 
vice versa. Colors other than black or white are 
important. 

At cadi stage of examination turn to the cor- 
responding hind leg, female palp, or wing plate for 
comparison with the drawings. It \riil be noted 
tliat hind leg markings place the mosquito under 
observation in one of several groups, which arc 
so arranged; white tarsal segments, mainly black 


legs; speckled legs, banded legs; or \*ariouslv 
marked. 

Proccc(! with the study, using a hand lens only, 
and continue comparison with the prints, but 
under “licld Notes’* check additional vital data, 
essential to differential diagnosis in some few cases. 

The proportion of black and while on the hind 
legs of a given species in the same area is generallv 
fairly consLint. But where a species has a wide 
distribution, specimens from the extremes of this 
range may, and in some species do, show variations; 
in some eases this is considerable. The same 
applies to tlic black and white on the palps. It 
also applies to the wings, where not infrequently 
aberrations are found, or the two udngs on the 
same individual do not coindde. Nevertheless, 
in a relatively small area, such as Panama, con- 
fusion lessens as one gels more familiar with the 
species, and familiarity comes thru seeing large 
series from as many locations as possible. Thus 
one gets to rccognkc albwtamsj argyri/arsts^ etc. 
quite readily, Ver>' early in the study one has 
no difficulty in rccognuing the Nyssorhynchus 
group which contains the principal vectors of 
malaria. It is unfortunate that there are no 
uniformly definite, constant, dear-cut character- 
istics visible thru a hand lens which will positively 
differentiate every species of Aiwpbeks, 
Notcvcrj'onc has the time to study genitalia, and 
too often time is a limiting factor; and, to be able 
to properly study the male genitalia, training and 
experience are needed. This does not mean that 
the males should be neglected. There are special- 
ists who will welcome properly prcscrx'cd males, 
as well as females and lar\^ae. Instructions, 
written for the man in the Field equipped only 
with a hand lens, should not include any descrip- 
tion of the male genitalia. 

Eggs^ larvae and pupae. Eggs of the \^rious 
species of Anopheles cannot, as stated above, be 
distinguished one from anotlier witii a hand lens. 
^^^^ercas the eggs of Culcx are alwa>'S laid in rafts, 
standing upright, cemented one to another, those 
of Acdcs and Anopheles arc always laid separately. 
Acdcs eggs t>i>ically remain floating alone, whereas 
those of all the Anopheles generally form geometric 
designs, as they float on the surface. Each 
Anopheles egg has a ‘Afloat** on either side, which 
resembles a tiny, light colored, semi-lunar body. 

Having determined tliat the lar\ra under in- 
vestigation is an Anopheles and not of the genus 
Vranotam (which although resting parallel to 
the surface of the water, possesses a long breathing 
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tube, absent in all Anopheles larvae), examination 
may proceed, even in the Field, with a hand lens, 
using the method described by one of us (3) which 
is rapid and satisfactory. It can be used, however, 
only if the species of Anopheles of the region are 
knouTi, or determined by exhaustive breeding 
tests. 

In addition to a hand lens, preferably of 10 
power, all that is required is any small receptacle, 
such as a beer cap, and a few drops of milk. 

The larvae are examined alive, after being 
carefully placed in the milk with the medicine 
dropper, where they come to the surface and re- 
main very quiet. All that is seen are the palmate 
hairs, the antennae and the moving mouth brushes. 
The palmate hairs stand out in bold relief against 
the white background and permit a prompt “work- 
ing diagnosis^^ to be made, in the Interior of 
Panama at least, as to the presence of members of 
the iarsimaailalus series. Inasmuch as this series 
contains Panama^s most important vectors of 
malaria, it is advisable for troops to avoid areas 
where larvae showing palmate hairs, on segments 
1 to 7, both inclusive, are detected. 

Similar data can probably be worked out in 
other areas. 

Equipped only with a hand lens, no attempt 
should be made to differentiate species from the 
pupal stage. 

PART n. THE ANOPHELES OF PANAMA 

1. Anopheles (Nyssorhynciixjs) albimanus Wiede- 

mann 1821 

Important s>monyms: 

Anopheles cuhensis Agramonte 1900 
Anopheles argyroiarsis albipes Theobald 1901 
Anopheles duhius Blanchard 1905 
There seems to be no doubt as to the fact that 
/I. albimanus is an important transmitter of ma- 
laria...*' quoted from Army Medical Bulle- 
tin No. 59. 

Field notes: 

Adults: A large dark mosquito. 

2. .\nopheles (Nyssorhynchus) aqu.vsaus 

Curr>^ 1932 
Important synonyms: 

Anopheles iarsimcculata Auct. 

Anopheles gorgosi Dyar & Knab 1907 
.1. aquasalts ... is probably an important vector 
of malaria . . quoted from Army Medical Bul- 
letin No. 59. 

Field notes: 

Adults: Resembles ositaldoi from which it 


only be distinguished by markings on 2nd hind 
tarsal segment. 

3. Anopheles (Nyssorhynchus) strodei Root 1926 
Important s 3 monyms: Anopheles evansi Brethes 1926 
Field notes: 

Adrults: Adult female indistinguishable from aqua- 
salts except by black white ratio on 2nd hind tarsal 
segment. 

4. Anopheles (Nyssorhynchus) triannulatus 

Neiva and Pinto 1922 
Important synonjuns: 

Anopheles hachmanni Petrocchi 1925 
Anopheles davisi Paterson & Shannon 1927 
Anopheles perezi Shannon & Del Ponte Dyar 1928 
Field notes: 

Adults: A moderately large mosquito. Whitish 
scales on fore leg. Much like albimanus . 

5. Anopheles (Nyssorhynchus) anomalophyllus 

Komp 1936 
Field notes: 

Adults: Adult female can be distinguished from 
aquasdis only by black-white ratio on 2nd hind 
tarsal segment. Atlantic shores of Northern 
Panama. Quite similar to aquasdis. 

6. Anopheles (Nyssorhynchus) oswaldoi Pery- 

assu 1922 

Important synonyms: 

Anopheles aquacadestis Curry 1930 
Anophdes tarsimaculala Auct (in part) 

Fidd notes: 

Adults: Resemble aqtuisalis, from which the adult 
female can only be distinguished by markings on 
2nd hind tarsal segment 

7. Anopheles (Nyssorhynchus) albitarsis L>Tich 

Arribabaga 1878 
Important s>Tionyms: 

Cdlia braziliensis Chagas 1907 
Cdlia dlopha Per>"35su 1921 
Fidd notes: 

Adults: A large light colored mosquito. Two 
parallel lines of white scales on anterior aspect 1st 
abdominal segment 

8. Anopheles (Nyssorhynchus) argyrttarsis 

Robin eau-Deavoid}' 1827 

Important s}Tion>Tns: Cdlia rooli Brethes 1926 
Fidd notes: 

Adults: Anterior aspect of 1st abdominal segment 
bare, dark colored; without lines of white scales, 

9. Anopheles (Stethomyia) kompi Edwards 1930 
Important s>Tionyms: Stethomyia nimbus Auct 

Not Theobald 
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Fie/d fwfes: 

AduUs: A slender black specimen. Black thorax 
TTith a narrow, white taedian line running from 
neck to scutellum. Body wthout scales. The 
tarsi of all the legs are black. 

10. Anopheles (Anopheles) parapunctipennis 

jMartini 1932 

Important synonyms: AmpItcJes chiriquiensis 
Komp 1936 

This species is known to us by description only. 
Field notes: 

Adults: The tarsi of all the legs are black. No 
scales on dorsal aspect of abdomen. In Panama, 
only found in Chiriqui. 

11. Anopheles (Anopheles) psexjbopijkctipennis 

Theobald 1901 
Important synonyms: 

Anopheles franciscanus McCracken 1904 
Anopheles pcruvianus Tamayo 1907 
Anopheles argeutinus Brethes 1912 
Anopheles iucimattus Lahille 1912 
Fidd notes: A very large grayish long legged 
mosquito. 

Adults: The tarsi of all the legs are black. No 
scales on dorsal aspect of abdomen. Thorax 
dark brown with a very broad grey central stripe 
from neck to scutellum: an important diagnostic 
point. 

12. Anopheles (Anopheles) eiseni Coquillett 1902 
Important synonyms: 

Anophdcs iihiamacnlata Neiva 1906 
Anopheles ntvcopalpis Ludlow 1920 
Field notes: 

Adults: A dark, fairly large mosquito. The tarsi 
of all the legs are black. No scales on dorsal 
aspect of abdomen. The white marking on the 
apical portion of the hind tibia is diagnostic. The 
costa of the wing is entirely black. 

13. Anopheles (Anopheles) vesextipennis Dyar 

and Knab 1906 
Fidd notes: 

Adults: A large brown mosquito. This species is 
known to us by description only. There are no 
lateral abdominal sdae tufts. 

14. Anopheles (Anopheles) apicbiacola Dyar and 

Knab 1906 

Important synonyms; Anopheles mocnlipes Dyar 
1925 not Theobald 
Fidd notes: 

Adults: A moderately larger dark brown mosquito. 

Ail parts of the legs are speckled irregularly with 
yellow or white. The dark spot on wing apex is 
nearly diagnostic, locally. The wing shows the 


costa with a prominent kink at the junction with 
the subcosta. 

15. Anopheles (Anopheles) PUKcnirAcuLA Dyar 
and Knab 1906 
Important synonyms: 

Anopheles sfrlgimaciila Dyar and Knab 1906 
Anopheles vialefador D 3 ^ar and Knab 1907 
'Tt is believed that A, punctimaciila is an elBdent 
vector of malaria at least in unsanitated regions 
in Panama” quoted horn Army Medical Bul- 
letin No. 59, 

Fidd notes: 

AduUs: A large brownish mosquito. There are 
no scales on anterior aspect of 1st abdominal 
segment. All parts of all the legs are speckled 
irregularly with 3 'ellow or white. The wing shows 
the costa with a prominent kink at the junction 
with the subcosta. 

16. Anopheles (Anopheles) neosuchupalpus 

Curry 1931 
Fidd notes: 

Adults: A large brawn mosquito. AH parts of 
all the legs are speckled irregularly with yellow 
or white. The wing show^s the costa with a promi- 
nent kink at the junction with the subcosta. 

Larvae: A diSuse white stripe dowm the dorsum 
of thorax and abdomen. 

17. Anopheles (Kerteszia) neivai Howard, Dyar 

and Knab 1917 
Important synonyms: 

Anopheles hylephilus Howard, Dyar and 
Knab 1917 

Anophdcs bo!me?tsis Zetek 1917 not Theobald 
Anophdcs lutsn Auct. 

Field notes: 

Adults: Hind tarsus with white bands on the 
segments but with scutellum evenly rounded. 
Thorax grey, with four (4) black lines. Abdomen 
without scales. 

18. Chagasia bathaots Dyar 1928 
Fidd notes: 

Adults: A shaggy brown, medium sized mosquito. 
The scutellum is slightly trilobed, making this a 
positive diagnostic point in Panama, as halhamts 
is the only local Anophdcs so formed. 

Charts 1 and 2 and Plates 1 and 2 permit a direct 
visual approach to identification. 

It will be noted that two blanks of legs, palps 
and wings and of 'Tables of Preferences” axe 
provided in order that species, discovered in the 
future, may be sketched in or written up. Also 
under "Field Notes” of each species, blanks are 
provided for additional notes. 
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THE ROLE OF THE RESERVOIR HOST IN TROPICAL DISEASE' 

Ellis Herndon Hudson- 
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A reservoir host is a lower animal which shares 
some disease or parasite with man. The infec- 
tion or the parasite is equally at home in man and 
the reservoir, is biologically indistinguishable in 
either case, and may oscillate quite contentedly 
from one to the other as environmental circum- 
stances open the way. Such is P. pestis in rela- 
tion to rat and man, and E. granulostis in relation 
to sheep and man. At certain times and places 
man may erect barriers of absolute defense and 
restrict the disease to the reservoir host, as with 
vaccination and mosquito- control in yellow fever, 
or by abstention from uncooked fish as in clonor- 
chiasis. He may go a step further and attack 
both the disease and the reservoir host itself, as 
in bovine tuberculosis and brucellosis in this 
country. However, if this effort fails of complete 
success, and if cracks appear in his personal walls 
of defense, the disease sweeps again into the 
human host. 

In order to dear the ground and narrow this 
discussion to its proper limits five stipulations must 
be made at the start. First, we are not here con- 
cerned with intermediate hosts. In fasciolop- 
siasis the snail and the plant are immaterial; the 
pig is the reservoir host. Second, susceptibility 
m an animal does not imply reservoir status. The 
experimentalist carries T. pallidum in rabbits and 
E. histolytica in kittens, but rabbits and kittens 
arc not reserv^oir hosts of sjrphilis and amebiasis. 

Third, many infections and infestations of man 
are so rare that they constitute medical curiosities. 
We may tliercforc disregard the dog harboring 
lingua tula, the snake witli porocephalus, tlic cat 

Read at the Twenty -Ninth Annual Meeting of the 
American Society of Tropical Mcdidne, Cindnnati, 
Ohio, November 16, 1943. 

^ * Released for publication by the Division of Publica- 
tions of the Bureau of Mcdidnc and Surger>' of the 
Hnilcd States Na\w, The opinions and assertions 
contained herein are the private ones of the writer, 
arc not to be construed .as official or as reflecting 
the views of the Navy Department or the Naval 
serv’icc at large. 

‘Commander (MC), U. S. N. R. 


with gnathostoma, the horse with rhinosporidium, 
the sheep with sarcocystis, and many others. In 
this group may be included “creeping eruption” 
and “swimmer^s itch”, due respectively to lan^ae 
of the dog hookworm and cercariac of avian 
schistosomes, whose activities are those of an 
aberrant parasite in an unsuitable host. 

Fourth, the pig has an ascaris and a tricho- 
cephalus of his owm and is not receptive to the 
analogous parasites of man, so he is not a reservoir 
in respect to these worms though they arc re- 
spectively morphologically indistinguishable. 

Finally, it is necessary to distinguish precisely” 
between a vector and a rcser\”oir host. It is true 
that in some cases, sucli as the ticks of relapsing 
fever and certain of the rickettsial diseases, the 
vector may also constitute a true reservoir. Usu- 
ally'', however, the short life-span of the vector, 
his inability to transmit the disease to his offspring, 
and his primary'' function of transport, sufiice to 
exdude him from the rescr\”oir status. For ex- 
ample, one may regard the phlebotomus, the 
louse, the tsetse fly, and the flea, as vectors but 
not reservoirs of leishmaniasis, ty^phus fever, 
African trypanosomiasis, and plague respectively. 

Havmg now’ defined our subject both in positive 
and negative terms, we can proceed to a considera- 
tion of tlie animals w’hidi constitute disease reser- 
voirs of man. 

Hall once wrote that man acquires the diseases 
of low'cr animals when he “cuts across the lines of 
communication” utilized by the parasites in their 
movement from one to another customary host. 
There arc three w’ays in w’hich man may thus cut 
across nature’s lines of communication, lie may 
ingest food or water contaminated with parasites 
or their eggs on their way” to low'cr animals; he 
may inadvertently” expose himself to the bites of 
vectors similarly seeking their usual victims among 
low’cr animals; or he may acquire diseases from 
reservoir animals by contact or common envir- 
onment 

From the standpoint of zoological dassificatlon, 
most parasites are comprised wdthin four rather 
arbitrary” groups, the hclmintlis, the protozoa 
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(including the spirochetes), the bacteria (including 
the molds), and the viruses (induding the rickett- 
sias). These four groups are presented here\\dth 
in four tables which give the rese^^^oir hosts of 
each parasite. Each group is subdivided in turn 
into three divisions on the basis of the parasite^s 


The reservoir hosts listed in these tables were 
gleaned from the standard textbooks on tropical 
medidne. The lists make no daim to be entirely 
comprehensive, and opinion in many respects is 
not unanimous, but details are immaterial to the 
present argument. 


TABLE 1 
HeUninths 

RESERVOIR HOSTS 


a. Ingestion route 


C. sinensis 

fish 

Rat, mouse, mink, marten, badger, dog, swine, 
camel 

O.fclineus 

fish 

Dog, cat, swine 

E, heicrophycs 

fish 

Peg, cat, fax, wolf 

ill. yokogawai 

fish 

Dog, cat, swine, pelican 

P. v)cstcrmanni 

crab 

Dog, cat, fox, wolf, swine, panther, leopard, 
tiger 

P. bushi 

plant 

Dog, swine, rabbit 

F, Jtepatica 

plant 

Sheep, cattle, bufialo, kangaroo 

G, hominis 

? 

Swine, deer 

P. latum (larva) 1 

1 

cydops 

Dog, cat, fox, wolf, swine, bear, w’alrus, seal, 
leopard, tiger 

T, solium (larva) 

flesh 

Rat, swine 

E. granulosus (larva) 

eggs 

Sheep, cattle, swine, camel 

iff, naita 

eggs 

Rat, mouse, gerbille 

H. diminufa 

eggs 

Rat, mouse 

P. caninnm 

eggs , 

Dog, cat, other carnivores 

P. viedinensis 

cydops 

Fox, raccoon, mink in N. Am. 

Dog, wolf, skunk, horse, cattle, leopard, 
baboon in Old World 

T. spiralis 

flesh 

^lany rodents, ungulates and carnivores 


b. Vector route 



VECTOR 


0. volvulus 

Simulium 

Eland, antelope, deer, camel 

Loa loa 

Chiysops 

Baboon 


c. Contact 


\ 

EXPOStTRE TO 


5. mansoni 

immersion (and oral) 

^fonkeys 

S,japonicum 

immersion (and oral) 

Dog, cat, vole, swine, goat, sheep, horse, cattle 


avenue of entrance into man, whether by inges- 
tion, common vector, or common environment. 

In a fifth table are listed the scientific and com- 
mon names and the reservoir hosts of certain in- 
sects which, in adult or larval form, attack man 
when he intrudes between them and their normal 
hosts among the lower animals. 


Reviewing the tables briefly, we observe that of 
the helminths which we share ^vith reservoirs, we 
acquire most by the ingestion route, and voxy few 
by vector or contact. Most protozoans spill over 
from reservoirs to man b}'’ Vtny of vectors, and 
hardl}^ any by ingestion or contact. Bacterial 
parasites reach man by all three routes. Of those 
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virus and rickettsial diseases, however, which 
invade man from reservoirs, most employ vectors, 
a few arc acquired by contact, and none at all 
through ingestion* 

With characteristic anthropocentricity we re- 
gard the reservoirs as harboring *'our^' diseases, 
but actually the shoe is on the other foot. From 
the evolutionary standpoint most infections of 
man arose originally among the lower animals. 


wonder grows that man has been able to achieve 
such a degree of isolationism as he has. 

Let us now compare temperate and tropical 
zone medicine with respect to the role of the reser- 
voir host. In civilized and temperate climates wc 
still have the rabbit reservoir of tularemia, the 
rodent reservoir of syl vatic plague and spotted 
fever, the rat rcsers^oir of endemic typhus and 
occasional leptospirosis, the dog rcser\'oir of rabies, 


TABLE 2 

Protozoa ijand spirochetes) 


PAKASITE 

RESERVOIR HOSTS 

a. Ingestion route 

J5. coll 

cysts 

Swine, rat, monkey, chimpanzee 

L, ictcrohcmorrhagiac 


Rat, mouse, vole, bandicoot, dog, fox, leopard 

b. Vector route 



\t:ctor 


r, gamhiense 

i Glossina 

Antelope, swine, goat, sheep, cattle 

r. rhodesiciisc 

Glossina 

Antelope, cattle, sheep, horse 

r. cruzi 

Triatoma, Rhodnius 

Armadillo, opossum, dog, cat, wood rat, bat, 
monkey 

L. donovani 

Phlebotomus 

Dog, hamster, cat, bear 

L. tropica 1 

Phlebotomus 

Dog 

L. brazitiensis 

Phlebotomus 

Dog, agouti 

B. recur rent is 

Ornithodorus (Spain and 
iVfrica) 

Rat, squirrel, other rodents, bat (Palestine) 

B. duitoni 

i 

i 

Ornithodorus 

Old World: rat, weasel, shrew, hedgehog, squir- 
rel, porcuj^inc, dog, fox, jackal 

New* World: Opossum, armadillo, monkey, 
marmoset, calf, horse, dog, fox 


c. Contact 

5. wintis 

EXPOSURE TO 

Rat, mouse, weasel, squirrel, ferret, bandicoot, 
cat 

bite 


The word reservoir therefore is appropriate in the 
tivtc as well as the spatial sense. The animal 
kingdom is not only a storehouse of disease upon 
which wc draw today, but it has been accumulating 
these diseases for countless ages. This rcscrv'oir 
is kept from flooding mankind by natural and 
man-made walls, but sometimes, because of in- 
ternal pressures or because of breaks in the dam, 
they spill over into the domain of man’s body. 
When one considers the multiplicity and ubiquity 
of parasitic forms in the animal kingdom the 


the bovine reservoir of brucellosis, and the horse- 
and-fowl reservoir of equine encephalomyelitis. 
But none of these constitutas a grave menace to 
our national health. On the contrar>% our cliicf 
struggles arc with tlic diseases now indigenous to 
man, such as human tuberculosis, pneumonia, 
meningitis, diphtheria, syphilis, pyogenic infec- 
tions, diabetes, cancer, and degenerative condi- 
tions such as arteriosclerosis, hypertension, and 
the psychoses. 

The picture is dificrent, however, when wc turn 
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to the tropical regions of the earth and to the less 
highly organized countries of the temperate zone. 
Here' are to be found of course the infections in- 
digenous to man, but there is a marked reduction 
in the toll of degenerative disease and a striking 
increase in the number of diseases dranm from 
animal reservoirs. The animal reserv^oir host 
plays a prime role in tropical medicine. 


answer to this question we are immediately struck 
by the lack of precise information in this field. 
It is true that perusal of any book on tropical 
diseases reveals the ever-recurring theme of the 
reservoir; but at few points is the theme developed. 
Instead, it is often confined to a mere list of ani- 
mals; it is dismissed in a sentence hidden in the 
text in connection with other matters, or relegated 


TABLE 3 
Bacteria {and molds) 


PAIJASITE 


RESERVOIR HOSTS 

a. Ingestion route 

M. tuberculosis (bovine) 

milk 

Cattle 

B. melilcnsis 

milk 

Goat, sheep 

B. abortus 

milk 

Cattle 

Salmonella 

flesh 

Swine, horse, flowls, rodents, carnivores, rumi- 



nants 

Streptococci 

milk 

Cattle, goat, sheep 

b. Vector route 


VECTOR 


P. pestis (bubonic) 

X. chcopis, C, fasciatuSf etc. 

Rat, vole, shrew, chipmunk, jerboa, gerbille, 



muskrat, tree and ground squirrel, cavy, 
bandicoot, tarbagan, marmot 

P. tularcnsis 

D, veniistuSi Chrysops 

Grouse, ground birds, rat, mouse, rabbits, 



ground squirrels, other rodents; sheep, coyote, 
other mammals 

B. bacillijormis 

Phlebotomus 

Dog 


c. Contact 



EXPOSURE TO 


P. pestis (pulmonary) 

air 

Hibernation — marmot. In epidemics — cattle, 


swine, sheep, donkey, deer, camel 

B, viditensiSf abortus^ suis 

contact 

Horse, deer, buffalo, dog, goat, sheep, cattle. 


swine, fowls 

P. iularensis 

contact 

Rodents and game 

P. anthracis 

air, contact 

Dog, cattle, S'ndne, sheep, horse, w’olf, deer 

B, mallei ' 

air, contact 

Horse, cattle, sheep, cat, dog 

A ctinomyces 

contact 

Cattle 

C. iminitis ^ 

air, contact 

Wild rodents, cat, dog 


It is important to emphasize this contrast in 
these days when large numbers of our men are 
living in those regions and when we may expect 
many to return with diseases acquired there. By 
way of preparation to meet this situation, we 
should be mobilizing our knowledge concerning the 
animal reservoirs out of which such infections 
spring. How complete is this knowledge? 

If we approach tropical medicine in search of the 


to fine print or a footnote. Why should the very 
source of man’s diseases be dismissed in this cursory 
fashion instead of being displayed in bold t3>pc? 

Several causes for this apparent neglect of an 
important subject suggest themselves. In the 
first place there is sheer lack of knowledge of the 
fundamental biology of the animal reserv^oir hosts; 
and where there is lack of knowledge there is lack 
of appredation. Veterinarj^ medicine, compara- 
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..TABLE 4 
‘Viruses {and richetisias) 


pARAsrre 

KESERVOIR HOSTS 

'a. Ingestion route 

None 


i 

1 

b'. Vector route 


XTCTOK 


Virus of 

Yellow fever 

Encephalomyelitis, equine 
and “St Louis” 

Rift Valley fever 

Louping ill 

Rickettsiae of 

Murine typhus 

Spotted fever 

Sao Paolo 

Fitivre boutonneuse 

Q fever 

Tsutsug’shi and scrub typh. 

Aedes egypti, Hemogogus, 
Sabethlne, etc. 

' Aedes and Culex 

1 

Teniorhyncus 
/. ricinus 

i 

1 A", cheopis 

D, ajidcrsonij D. variahilis 

Amhlyomma 

Rhipicephalus 
? tick 

Larvae of Tromhicula 

“Marsupials, edentates, rodents”; opossum, 
capybara, agouti, paca, sloth, anteatcr, arma- 
dillo, mouse, monkey 

Horse, birds, domestic fowl 

Sheep, goat, cattle 

Sheep, mouse 

Rat, squirrel, shrew 

Hare, mt. rat, chipmunk, ground squirrel, lynx, 
badger, coyote, goat, sheep, bear 

Opossum, rabbit, agouti, wild and domestic dog 

Dog 

Bandicoot 

Rat, mouse, hare, woodchuck, bandicoot, fowl, 
pheasant, dog, cat, buffalo 

c. Contact 


EXPOSURE TO 


Virus of 

Psittacosis 

Rabies 

Smallpox 

air, contact 
bite 

? air, contact 

Psittadnes, canary, pigeon 

Dog, cat, jackal, bat, mcercat, genet, skunk, 
^Ycasel, stoat, rabbit, fox, wolf, cattle, goat, 
swine, sheep, horse 

Cattle 


TABLE 5 
Insects 


PARASITE 

1 

COMXtOK KAUE 

1 

RESERVOIR HOSTS 

-lifc/imrrm/iyia (latA'a) 

Cordylobta (larva) 

Congo floor maggot 
Tumbu fly 

Scre^Y worm 

Ver macaque 

Bot flies 

Flesh fly 

Stable fly 

Sand flea 

Many vertebrates 

Rat, dog 

Many vertebrates 

Dog, swine, cattle, monkeys, birds 

Horse, other cquincs 

Many vertebrates 

Horse, cattle 

Birds and mammals, especially swine 

Chrvsomyia (larva) ! 

Dermafohia (larva) 

Oestridae (larva) 

Sarcophaga (larva) 

Stonwxys 

ptndrons,* 



live patholog\% and mammalogy c.xist, but these can contribute has not been integrated into tlic 
branches of science liave enleretl but tentatively science of hun\an disease. Obviously, facilities 
into the tropical field, ami such knowledge as they for rcsearcli in these sciences have l)een scanty. 
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and restricted in time, geographical extent, and 
financial support. It is true of tropical medicine 
as a whole, and not only in respect to rcscr\’oir 
hosts, that impressions often pass for facts, and 
hypotlicscs for laws. The remedy is more research ; 
ratiocination cannot take the place of adequate, 
relevant, and controlled data. 

Another reason for the slight we have paid to 
the rcsciA’oir host is our preoccupation in tropical 
medicine with the symptoms of the sick patient. 
Following the conventional medical tradition we 
have concentrated first on diseases as they occur 
in man. Indeed, in many respects we have con- 
cerned ourselves with the diseases of the while 
man in the tropics. On the whole, tropical medi- 
cine is clinical or bedside medicine. Only here 
and there, when compelled by circumstances, docs 
it approach a given disease as a whole, and relegate 
the sick individual to his proper subsidiaiy jx>- 
silion. 

This limited approach has not been peculiar to 
those who practice medicine in the tropics, but 
has been general. Medical science as a whole 
has been going through an evolution in its basic 
philosophy. The present generation of medical 
students is being diverted from the myopic and 
exclusive bedside view, and is being trained in the 
biological and sociological approach to disease, 
with emphasis on host-parasitc-environment per- 
spectives, and on prevention as well as cure. 

Tropical medicine should be leading the develop- 
ment of medical thought in this direction. It deals 
with huge numbers of human victims encompassed 


by an intricate web of animal and insect life, in 
a physical environment of extraordinar)* complexity 
and variability. Here if anj^where is a challenge 
to think of a disease as a biological entity embedded 
in a matrix of biological factors, and not a mere 
congeries of facts about symptoms, pathology, and 
diagnosis. 

Related to the foregoing is the third reason for 
apparent disregard of the significance of the reser- 
voir host. This is the relatively minor role per- 
mittal to epidemiology in tropical medicine. 
Objection to this statement may be made by 
those who will cite tropical diseases in which the 
cpidcmiolog>’ is known. Granted that there are 
such; but there is little reason for pride in the 
total picture. Any one can grasp the superficial 
cpidcmiolog>" of many tropical diseases, and one 
cannot practice tropical medicine without being 
willy nilly some sort of epidemiologist. But Hall 
said of the helminths of man that, with the e.x- 
ception of seven worms, epidemiological knowledge 
is either “entirely lacking or highly inadequate’^, 
and it is incontrov'crtible that, on the whole, 
fundamental knowledge of what is called the 
“herd aspect” of most tropical diseases is defident. 

Tropical medicine furnishes a roster of great 
ph^'sicians and scientists, but it has yet to produce 
its great epidemiologist and endronmentalist, 
and the definitive textbook on the epidemiology 
of tropical medidne has yet to be vTitten. One 
of the principal chapters in that book wall deal 
wath the rcscr\'oir hosts of diseases affecting man. 
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Repeated isolations of Western equine and St. 
Louis encephalitis viruses from mosquitoes caught 
in the Yakima Valley, Washington (1, 2, 3) have 
made it desirable to know more concerning the 
mosquitoes' feeding. habits so as to give some idea 
as to the species of vertebrates serving as possible 
sources of virus. It was expected that infected 
mosquitoes would have fed frequently on those 
vertebrates which were serving as the reservoirs 
of these viruses. Neutralization tests on blood 
samples from the Yakima area during 1941 were 
interpreted as indicating which vertebrate species 
were the most frequently infected (4). Consider- 
able evidence pointed to domestic fowl as the most 
important single group of animals (5, 6). 

During the first entomological survey of the 
Yakima Valley, in 1941, Culcx iarsalis Coquillett 
was found infected with Western equine and St. 
Louis viruses; and this species was demonstrated 
to best fit the epidemiological picture as a poten- 
tial mosquito vector. Subsequent to this finding, 
tlie species was demonstrated to be an efficient 
laboratory vector of both viruses (5, 6, 7). A 
short series of blood smears from engorged Culex 
tnrsalis were studied by the precipitin test method 
during the 1941 survey (8). The results indicated 
it liad a wide host range which included the cow, 
horse, dog, chicken, man, pig and sheep. The 
first two species, the cow and the horse, were its 
most frequent hosts. The number of blood 
smears tested was small, 65, so evaluations of host 
preferences were not believed to be too significant. 

A second survc}' of the mosquito vectors of 

* Tins investigation was carried out in collaboration 
with the Commission on Ncuro tropic Virus Diseases, 
Hoard for the Investigation and Control of Influenza 
and Other Epidemic Diseases in the Array, Preventive 
Medicine Division, Ofiicc of the Surgeon General, U. 
S. .‘\rmy; and under a contract, recommended by the 
Committee on Medical Rcscarclr, between the Oflicc 
of Scientific Research and Development, and the 

University of California. Aided by a grant from the 
Nnlion.ll Foundation for Infantile Parah-sis. 


encephalitis was made in the Yakima Valley 
during 1942. Approximatel}” fifty additional iso- 
lations of Western equine and St. Louis viruses 
were made from Culex tarsalis (3). In addition, 
Culex pipieus Linnaeus was found infected, once 
with St. Louis and once with Western equine 
virus; Western equine virus was isolated once 
each from CuUscla inornala (Williston)- and 
Aiiophclcs maculipcnnis freeborni Aitkcn. Since 
Aedes have been suspected as vectors, a large 
sample was collected. None was demonstrated 
to have been infected. With these findings great 
importance was attached to comparative studies 
on the feeding habits of the various species of 
mosquitoes found in this area. 

There were two possible methods of studying 
the vector feeding habits; hand collections of 
mosquitoes feeding on various vertebrates, and 
the precipitin test applied to wild-caught engorged 
females. The precipitin test appeared to offer the 
best possibility for the present studies. It has 
commonly been used in studies of the feeding 
habits of blood-sucking insects, and it has been a 
popular method of studying tlic feeding habits 
especiall}'’ of Anophclinc mosquitoes. 

METHODS 

During the 1942 sun’cy a scries of 788 blood 
smears were made. This series represented 9 spe- 
cies of mosquitoes collected in domestic habitats and 
traps. Blood smears were tested with the sera of 
domestic rabbits immunized with the sera of the 
horse, cow, sheep, dog, man, and chicken. For 
greatest specificity in preparation of the antisera 
the method developed by Wolfe (9) was employed. 

- Formerly Thcobcldta. According to Freeborn and 
Brockman in Identification Guide to the Mosquitoes 
of the Padfic Coast, U.S.P.H.S., ^falari.i Control in 
War A 10.15, May 1943 (10); **Theobaldia X-L. 1902 is 
invalidated by the prior use of Thcohaldia Fischer I8-S7 
.... As Culicella and CuUseta were proposed — by 
Felt in 1901, Culhda takes priority because it was used 
by tlic first redewer (D\*ar 1 92 1 
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All of the antisera had a titre of 1:6400 or more. 
The antisera against horse, dog, and man were 
highly specific at dilutions above 1:100. Those 
against the cow and sheep were highl}’’ specific at 
dilutions above 1:800. Routme ring tests were 
carried out by layering a normal saline extract 
(1.0 cc. to each blood smear) of the blood smear 
antigen over a 1:5 dilution of each antiserum. 
Readings were taken at fifteen-minute inter\^ls, 
and tests were considered positive when a precipi- 
tate developed at the interface within an hour. 
As expected some cross reactions occurred in the 
cases of the cow and sheep, which represented a 


RESULT 

In table 1 the results of the precipitin test studies 
are presented. The figures on certain spedes 
Ac^cs ntgromacuUs (Ludlow), Culiscfa ittcidens 
(Thomson), and A;iop//dcs punctipaniis (Sa,v) 
are limited in tlieir \'alue because of small num- 
bers. However, tlie samples from tlie other spe- 
des, which are those we are primarih*' concerned 
with in this study, are more ample (over 50 smears 
each) ; and tlie findings are probabl}^ of some sig- 
nificance. Odex tarsaUs and Odex pipkns were 
tlie two species most commonly found feeding on 
the domestic fowl (a rcser\^oir of tlie encephalitic 


TABLE 1 


Prccipiiin tests on engorged mosquitoes 
of the Yahhna Valley, 1942 


UtOOD S^{EARS reacting TO SPECIFIC ANTISERA 


MOSQUITO SPECIES 

Horse 

Cow 

Sheep 

Uog 

^^an 

j Chick 

Xo reaction 

Xum- 

ber 

tcslcil 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Per 

cent 

Total 

num- 

ber 

Culex tarsaUs. . . . 


27 

34.7 

120 


1 

3.2 

li 

0.3 

1 

45.7 

158 

9.5 

33 

346 

Cidcx pipiens 


2 

7.5 

4 

0.0 

0 

1.9 

H 

0.0 

0 

75.5 

40 

11.3 

6 

53 

Acdcs vexans 

20.0 

10 

56.0 

28 


0 

0.0 

0 

0.0 

0 


9 

20.0 

10 

50 

Acdcs dorsalis.. . . 

41.4 

24 

55.2 

32 

0.0 

0 

0.0 

0 

0.0 

0 

Mg 

0 

5.2 

3 

58 

Aedcs nigroma- 
















cutis 


0 


4 


0 


0 

0.0 

0 


0 


5 

9 

Cidisela inornala. 

22.1 

19 

62.6 

55 

2 . 3 * 

2 

1.2 

1 

1.2 

1 

0.0 

0 


9 

86 

Culiseta i net dens. 


1 


4 


' 0 


1 


0 


i 0 


0 

6 

Anopheles ma- 



j 



1 

1 

1 









ctdipcnnisfrcc- 
















horni 

32.9 

! 53 

43.5 


1.9 

3 

1.9 

3 

1.2 

2 

5.6 

9 

IBS] 

21 

161 

Anopheles punc- 
















tipeunis 


7 




0 


0 


0 


0 


2 

19 


Total 


7 SS 


well recognized cross-species reaction. In such 
cases the ring reaction was always much stronger 
in one or the other of the antisera, and tlie first 
and stronger reaction was considered positive. 
The chicken antiserum gave ready response to 
other fowl bloods and could not be considered 
specific for chicken blood. However, a large 
number of those tests which gave positive reac- 
tions to chickens gave negative results when tested 
against an anti-duck serum prepared in chickens. 
This antiserum had a titre of 1:1600. Control 
tests were done on 9 known spedes of vertebrates. 

Limited host range studies were made by hand 
collection of mosquitoes feeding on horse, cow 
and man. 


viruses); however, botli species included other 
common domestic animals and man in their feed- 
ing range. Cidcx tars alts is suifidently diverse in 
its feeding habits to include most of those domestic 
vertebrate species demonstrated by the neutrali- 
zation test to have a high proportion of their 
members with immune reactions to St. Louis and 
Western equine encephalitis druses (4). The 
feeding habits of this species alone might explain 
tlie distribution of encephalitis antibodies in this 
area. Culcx piptens was not nearly as common as 
C. tarsaUs and in this area could only play a minor 
role in transmission of the enccphalitidcs. 

The results of the precipitin tests, along with 
the repeated isolation of virus from Cidcx tarsaUs, 





























FEEDING HABITS OF ENCEPHALITIS VECTORS 


133 


and antibody findings in chickens and other fowl, 
give strong support to the probability that domes- 
tic fowl arc the important reservoir of infection 
in the Yakima Valley. Other species of mos- 
quitoes: Cnliseta inornata, Anopheles viaculi- 
pennis freehorniy Aedcs dorsalis (Meigen), Acdcs 
vexans (Meigen) and Acdcs nigromaculisy which 
feed mainly on large mammals, cither were rarely 
found infected or were not demonstrated to be 
infected. This is probably an indication that large 
domestic mammals are not satisfactory sources of 
infective blood meals for the arthropod vectors. 
It may be that the virus never attains a sufficiently 


Washington, a large series of blood engorged speci- 
mens, collected in domestic habitats, were tested 
by means of the precipitin method to determine 
the relative proportions which fed on domestic 
animal reser\’’oirs of these infections and on man. 
At the same time, hand collections were made on 
the horse, cow, and man to determine which of the 
various mosquito species fed on these hosts. 

It was found that Ctdex tarsalisy the species 
best fitting the epidemiological picture as a mos- 
quito vector of encephalitis in the Yakima Valley, 
fed frequentb" on domestic fowl and included most 
of the common domestic animals and man inTits 


TABLE 2 

Mosqjiilocs collected from man and domestic animals^ Yakima^ Wash,, 1941, 1942 


noRSC 

j cow 

i . 

MAN 

Mosquito species 

Percent 
of total 

1 catch 

Number 

caught 

Mosquito species 

Per cent 
of total 
catch 

Number 

caught 

Mosquito species 



Acdcs vexans 

61.5 

1322 

A . dorsalis 

48.7 

366 

A, vexans 

73.3 

179 

Acdcs dorsalis 

14.3 ' 

307 

A. vexans 

31.0 

233 

C. tarsalis 

14.8 

36 

Cnliseta itwrnata 

7.5 

162 

A. 7naculipcnnis 

7.2 ' 

54 1 

C. inornata 

7.S 

t 

Ctdex icrsalis \ 

5.9 1 

126 i 

C. inornata 

6.1 i 

46 

A . dorsalis 

3.3 

8 

Anopheles maculipennis 1 

5.3 ' 

115 

C. tarsalis 

4.4 1 

33 

C. incidens 

♦ 

1 

Anopheles punctipennis 

3.5 

76 

A, nigromaculis 

1.7 1 

13 

A, maculipennis 


1 

Acdcs cincr CHS ' 

0.8 

IS 

A, incrcpitits 

0.4 i 

3 



1 

Acdcs lateralis 

0.7 

15 

A . cincrens 

* 

1 




Acdcs iiigromacidis 

0.1 

4 

C. pipiens 

♦ ! 

1 




Culiseta incidens 

0.1 

3 

C. incidens 

* 

1 




Cnliseta morsitans 

* 

1 







Culcx pipicus 

♦ 

1 


. 





Mansonia perturhans 

« 1 

1 


1 

1 

1 




Total 


2151 



751 * 



244 


* Species represented in collections by 1 specimen. 


high titre in their blood to be infective to a mos- 
quito. There is some experimental evidence to 
support tliis view. 

Hand collections made on horse, cow, and man, 
table 2, demonstrated the large number of mos- 
quito species feeding on these animals. It will be 
noted that Ctdex tarsalis was included in all these 
collections, however, as it was the most abundant 
species in the area and not the most commonly 
collected species from tlicse animals, it would 
appear to be substantiated that neither the horse, 
cow, or man arc its ‘‘preferred’^ hosts. 

SUMMARY 

.As part of an epidemiological study of Uic mos- 
quito vectors of encephalitis in the Yakima Valley, 


feeding range. The feeding habits of this species 
alone could result in the incidence of encephalitis 
antibodies demonstrated in domestic animals and 
man in tlic Yakima Valley. 

Species (including Acdcs) which were rarely or 
never found infcctc<l in nature appeared to be 
those which fed almost exclusively on mammalian 
blood. Ctdex pipiens was the exception as it fed 
almost exclusively on fowl. This s|x^cies, demon- 
strated to be capable of transmitting only the St. 
Louis virus, probably plays an important role for 
this one vims in areas where it occurs in large 
numbers. 

Tlie results of the precipitin tests, and the rc- 
pe.atcd isolation? of virus from Culcs tarsalis give 
strong support to the probability that domestic 
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fowl are an important reservoir of infection in the 
Yakima Valle3^ 
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There is some doubt that S, alkalesccns is the 
etiological agent in any case of acute dysentery 
(1,2). Felsen and Wolarsky (3), however, in 1940 
correlated the clinical and bacteriological findings 
in 14 cases of diarrhea and concluded that 
seems advisable to regard Shigella alkalesccns as a 
potential or actual pathogen.” Welch and Mickle 
(4) have investigated two outbreaks of bacillary 
dysentery due to S. alkalesccns among students 
and nurses. Brown and Anderson (5) cultured 
S, alkalesccns from stools during three outbreaks 
of enteric disease and concluded that this bacterium 
may be associated with disease. The observations 
of several investigators (6-11) support the opinion 
that S, alkalesccns may be pathogenic for man, 
although it has been cultured from the stools of 
apparently normal individuals (5, 8, 12). This 
organism is considered also to be the etiological 
agent in certain cases of pyelonephritis (6, 13, 14) 
and endometritis (15), 

The bacteriological and immunological charac- 
teristics of .S’, alkalesccns have been established 
unquestionably since it was first described by 
Andrewes (1) in 1918 (2, 4, 6, 12). Edward (16) 
in 1940 studied the effect of 5. alkalesccns on rab- 
bils, guinea pigs, and mice and found that it 
required relatively large amounts of the culture 
to produce either symptoms or death. One rab- 
bit had hemorrhagic necrosis of the appendix and 
the ilco-caecol region while another had pctcchiac 
into the appendix and into the collections of 
lymphoid tissue in the intestines. Foail necrosis 
also occurred in the center of tlic lymph follicles 
in tile intestines. Necrosis likewise occurred in 
the regional lymph nodes and in the liver of one 
rabbit, 

Dc .*\ssis (7) ro|M>rted one fatality in a group of 
five clinical rast.'s of dysentery resulting from 
.V. alkalesccns. ’riiere were no |>athologicai finrl- 
ings given, however, in his rase. In this jxijier 

• Department of Pathology, Scluxil of Medicine, 
University of .\rkans4is, Little Rock, .Arkansas, 


wc are reporting the pathological finding in a 
fatal case of acute dysentery in which S. alkalesccns 
was isolated at autops}’’ from the colon. 

CLINICAL EXAiDNATION 

W. W., a colored male 14 months of age was 
brought to the hospital on the third day following 
a sudden attack of diarrhea. More than 10 stools 
were passed both day and night since the onset. 
They were small, watery, and contained a large 
amount of blood and mucus. During the three 
days preceeding hospitalization the baby had 
fever and vomited frequently. There were no 
convulsions. 

On admission the temperature was 103,8°F., 
pulse 140 and the respirations were 26. The baby 
weighed 19 jiounds. He was dehydrated. The re- 
flexes were sluggish. There was some tenderness in 
both flanks. 

The baby survived for only 20 hours following 
admission. The temperature remained elevated 
during the period of hospitalization. He gradually 
became comatose and the abdomen became dis- 
tended and tympanitic. Immediately preced- 
ing death the abdomen was board-like in rigidity. 
During hospitalization the stools were small and 
frequent; they consisted primarily of blood and 
mucous. 

PATHOLOGICAL EXAMINATION 

The autopsy was made four hours following 
death. Approximately 45.0 culiic centimeters of a 
clear straw colored fluid were present in the ab- 
dominal cavity. The intestines were moderately 
dilated. There were many focal arais of necrosis 
in the mucosa of the lower half of the ileum. These 
necrotic areas involveil a pj latently every IVyer’s 
patch ami many of the solitary lymjih follicles in 
ileum (figs. 1 and 2). The mucosa l>etween the 
necrotic areas w:is normal. The mucosa l>flween 
the ileocecal valve anrl the anus resembled that 
of the lower jKirtion of the ileum. KN>^*iUtally 
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every lymphoid follicle was h3'pcr])lastic and the 
mucosa covering these follicles usually was ne- 
crotic. I Jiesc areas of necrosis in the colon varied 
from 1 to 3 mm. in diameter. The mucosa be- 


The liver Aveighed 400.0 gms. The hepatic 
cells ^vcrc swollen and small vacuoles were present 
in their cytoplasm. No areas of necroses were 
found in the li\'cr. Both kidne 3 "s were similar, 



Fig. 1. TJic ileocaecal region showing hyperplasia of the lymphoid tissue in the Peyeris patches and in the 
solitary' follicles of the colon. 


tween the hyperplastic follicles was normal (fig. 3). 
Clusters of gram negative bacilli were present in 
the necrotic tissue and sometimes they extended 
down into the submucosa. i^Iononuclear cells 
similar to large l 3 miphocytcs infiltrated the tissue 
at the base of these necrotic areas (fig, 4), Pol}^- 
morphonuclearlcucocytcs in moderate numbers also 
were present. A few large mononuclear cells, 
the nuclei of which varied in shape from round to 
oval were present at the base of these necrotic 
areas. The nucleus of these large mononuclear 
cells stained light with hematoxjdin. of 

the cells in the inflammatory'' exudate were py^k- 
notic and fragmented. This cellular reaction was 
present in the submucosa and frequently'’ it ex- 
tended into the muscle in the ileum. 

The lymiph nodes in the mesentery'’ were slightly’’ 
enlarged and hemorrhagic. The sinuses in the 
cortex of these nodes were filled with innumerable 
gram negative bacilli while only’’ a few bacteria 
were present in the medulla (fig. 5). The cellular 
reaction in the lymph nodes was insignificant. 
The nodes around the head of the pancreas were 
similar to those in the mesentery^ 

The spleen weighed 50.0 gms. It was dark 
red in color and moderately’’ firm in consistency. 
The pulp did not bulge over the cut margin. The 
splenic sinuses were readily seen microscopically. 
Red blood cells and few splenic cells were present 
in the pulp. A few cells in the center of the 
Malpighian bodies were py^knotic and fragmented. 
No foci of necroses were found in the spleen. 



Fig. 2. The margin of one of the Peyeris patches. 
Note tlie extensive necrosis with only' a small amount of 
superficial desquamation. ISX. 

together they’’ weighed 150 gms. The epithelial 
cells lining the convoluted portion of the renal 
tubules were swollen. An albuminous precipitate 
was present in the lumen of niany^ of the tubules. 
There was no inflammatory' reaction in either the 
parenchymiatous tissue or in the renal pelvis. 

There were focal areas of atelectasis in both 
lungs. In the right there was a small calcified 




Fro. 3. Hyperplastic and necrotic follicles in the colon. There is no inflammatoo" reaction in the mucosa be- 
tween these follicles. 18X. 



I'lG, 4. Groups of gram negative bacilli arc present in the intestinal lesions. Mononuclear cells and polymor- 
(diomiclear leucocytes arc the principle cells in the reaction. This section Is from the base of a Peyer s 
patch. 36SX . 



I'lG. 5. A, 'I’he moHUtcric lymph mxlcs arc licmorrhagic and a aonc of gram negative bacdlli arc present in the 
coilex immediately beneath the capsule, 72X. 

It. Same ns A, obSX, 
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area 0.5 cm. in diameter. Apparently it was an 
old tubercular lesion. The hilar lymph nodes were 
slightly enlarged and hemorrhagic. There were 
focal areas of edema in the lungs but no pneu- 
monia. 

There were no significant pathological changes 
observed in the remaining viscera. 

Anatomical Diagnosis: Acute ilco-colitis; Eti- 
Shigella alkalescens; Parenchymatous de- 
generation of the viscera. 


Proskauer reaction was negative. The growth 
on plain broth was character 17:^1 by a ditTuse 
turbidity without i>olliclc formation. Agglu- 
lination to a tiler of 1:1280 was obtainnl in an 
an antMlc.\ner scrum, having a titer of 1:5120 
aga inst A*, ^flcxiicr. 

The degree of alkalinity reachwl in litmus milk 
w'as less than tliat associntai with X. aJkuksra^s, 
The jxisitive indol test, tlic fermentation of dub 
citol, rhamnosc and .xylose excluded the possi- 


TABLE 1 


Agf^htihia/wti iitcr of rabbit scrum against A. aikalcsccns 



* The inoculum is an IS hour broth culture. 

Density of suspension Xo. 3 Standard 5fcFarIand, living organisms used. 

Final dilutions carried out to 1 :2560 only. 

Controls saline suspensions carried out with each test. 

Dujdicatc tests made on each series. One was incub.iled 37^C. (water hallj) for 6 Iiours; ice box overnight. 
The other series at 56°C, for 6 hours and iced)ox overnight. 


PACrKRIOT.OC;iCAl. KX^VMINATION 

The organism isolalcni from the colon at autopsy 
was a gram negative rod, non-molile; non-spore 
bearing; and non-cncapsulated. Moqdiologically, 
it rcseml)led that of meml>ers of the enteric group. 
The reaction on RusselVs Double Sugar was alka- 
line slant, and acid butt, without gas. The fol- 
lowing sugars w*cre fermentetl to the acirl stage 
only: Dextrose, maltose', mannite. xylose, rham- 
nosc and clulcitol. On litmus milk, an initLil 
faint acidity w*as followed by a slow' reversion to 
alkalinity. I'he degree of alkalinity rt'ached, 
how'cver, W'as not marke<l. Neither clot nor 
(K'ptoni/ation was noted. Indol was formed from 
eryptotph.anc. Gelatin was not liquctic^l. No 
gnwth iKCuranl in s/vliurn citrate broth. Ihe 
Methyl-Retl test was [K^dllve and the 


bility that this organism was .S’, jlrxncr, 'Hu* 
failure to fermcrit lactose, even after a M) d.iy 
incubation ]H,‘riod, likewi-e e.xcludc<l the other 
|K>ssibiIity, namely Ski gel lit vuhirmprv.sis. 

rA'rKKlMKNTAI. onsrjtVATioNS 

Rabbits, guinea pig'*, and df»g^ wen- itJjrf!»d 
with br(»th cultures of .S'. aUalesirns isolated Inuii 
the colon of this infant, 'fen rafibil*- v.efe' in- 
jcctetl intraveruui^l)' with 0.5 to .vO cr. oi an 
eighteen hour aiUure at varying intcrv.-tl' durtrig 
a |>crif^I of ont' rnontli. l our of ihf-e r.tbbil * d:' •! 
and lwc> wen' Ab'^eo.'--^'^’ WtTr /o'.ind uj th * 

kidnevs of winie of lh''^e rabbu*'. No ’.'rf* 

oh^ctwA in either the intr-tirw ^ or l}m rie -' ufen* 
lymt)b in any c»f the animal-, .V. 
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was cultured frequently from the blood and the 
contents of the colon. 

The scrum from four of these rabbits was used 
for agglutination against alkalcscens. The 
titer, the quantity of the inoculum, and the dates 
are shown in table L The control titrations were 
always negative. The ilocuili were much larger 
and more distinct when the sera were incubated 
at 56°C. rather than at 37.5®C. Each of the four 
rabbits as shown in table 1 gave a high titer. 

Two dogs and four guinea pigs were given 
repeated injections of 5. alkalescens. One of 
the guinea pigs died and one was killed. No sig- 
nificant pathological changes were found. The 
two dogs were killed. Several abscesses were 
present in the kidneys of one of these. No in- 
testinal lesions were observed. 

DISCUSSION 

The pathological lesions in this case are different 
to any that we have obscr\'’cd in acute dysentery. 
It is difficult to believe that this patient was sick 
for only four days preceding death. The ne- 
croses in Peyer’s patches resemble that observed 
in cases of typhoid fever dying between the 10th 
and 15th day of the disease. The diffuse involve- 
ment of the lymphoid follicles throughout the 
colon and too, the lymphoid tissue of the ileum, 
suggest a specific selectivity by 5. alhalcsccns for 
lymphoid tissue. The mucosa between the fol- 
licles in the colon is normal in contrast to tlic diffuse 
involvement of the mucosa when Shiga and Flcxncr 
organisms arc present. 

The c.vperi mental lesions produced by Edward 
(16) in the rabbit are almost identical with those 
in this infant. Edward (16) did not consider that 
the results of his e.x])crimcnt contributed an}' 
evidence for believing 5, dlhakscais to 'be patho- 
genic for man. This opinion is also supported by 
the bactcriologioil studies obtained during several 
different epidemics of diarrhea in this countr}* 
and abroad. 

The clinical data arc meager in this case; how- 
ever, there docs not appear to be any signs or 
symptoms to differentiate the dysentcr}' produced 
by 5. alkalcscais from other types of acute dys- 
entcr}\ 

It appears from a review of the literature that 
l>oth the morbidity and mortality from 5. alkaU 
cscais infection is low. Factors that may enhance 
the pathogenicity of 5. alkalcscats for man are 
not known at this time. Edn^ard (16) suggesle^i 


that the lesions produced by 5. alkalcsccns may 
result from an exotoxin similar to that produced 
by other organisms in the dysenter}" group. 

SUMMARY 

A case of acute dysentery in an infant 14 months 
of age IS reported \M'th the pathological findings. 
The etiological agent considered to be 5. at- 
kakscens. The pathological changes arc primarily 
in the lymphoid tissue in the colon and in the 
iieum. 
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Since the introduction of the thick blood film 
staining method for diagnosis of malaria, many 
surveys have been made in civilian and military 
groups for the detection of active and chronic 
cases of human malaria (1, 3, 4, 5). 

In malaria surveys in which thick or thin film 
methods arc used, one may occasionally be con^ 
fronted with artifacts or other objects which may 
lead to an erroneous diagnosis. In the present 
communication the writer wishes to describe two 
cases in which blood smears were contaminated 
with Ilcrpctomonas, apparently from fly excreta 
as confirmed b)’^ further laborator)'^ studies. 

DATA 

A blood film from a six-year-old negro in Ala- 
lia ma was sent to the writer for examination. 
This slide was well stained and contained a few 
flagellates, which in the opinion of some laboratory 
workers were considered to be Trypanosoma cruzi. 
However, in view of the absence of an undulating 
membrane and posteriorly located blepharoplast 
and parabasal body, these flagellates were diag- 
nosed by the writer as Ilcrpctomonas Sp., and 
because of the presence of bacteria on the stained 
smears, it was suspected that the smear was 
contaminated with excreta of some insect (Figure 
1). To eliminate the possibility of this being 
a new disease of unknown etiology, the patient 
was examined by the writer and several additional 
thick and thin blood films were made. Also, 
about 20 cc. of blood were removed from the 
patient and inoculated into several N. N. tubes, 
mice and guinea pigs. .-Ml of the examinations 
gave negative results for flagellates. 

Several hundred cage-bred house-flies {Musca 
domcstica) were obtained from the U. S. Depart- 
ment of Agriculture. These flies were free from 
flagellate infection upon examination. The flics 
were placed into suitable glass cages, A susi)en- 

*Captain, i>anitaiy Con^s, V. S. 


sion of a culture of Herpetomas mitscae domcsiicac' 
(2) from N. N. medium was placed in a well-glass 
slide and also on absorbent cotton and introduced 
into the cage with the flics. The flies readily 
ingested this material and all became heavily 
infested with Ilcrpctomonas. After ascertaining 
that the flies were infected, twelve thick blood 
films were made and immediately placed in the 
cage containing the infected flics. They were 
observed feeding on the blood films and also defe- 
cating upon the slides and the smears. The 
slides were then stained according to the technique 
for thick films. Upon examination of the stained 
smears several specimens of H. muscac domcsticac 
were encountered, whereas the slides not exposed 
to the infected flics were negative. 

The second blood smear was obtained from a 
schoolboy from ^lississippi during a malaria 
survey. 5 On examination the slide showed rather 
long herpetomonads and some bacteria w^as found 
which undoubtedly were deposited on the slide 
by some infected insect. The flagellates were 
stained beautifully, the nucleus was large and 
centrally located, and the blepharoplast was 
posterior to the nucleus. A long, well-stained 
flagellum was also observed but there was no 
evidence of an undulating membrane. The mor- 
phological characteristics of the flagellates were 
distinctly those of Ilcrpctomonas or Leptomonas. 
There were no meta cyclic tr>qianosomc or 
crithidial forms. This slide was referred by the 
writer to Professor Frederick G. Novy of the 
University of Michigiin, who confirmed the de- 

culture of Ilcrpctomonas muscac domcsticac was 
R'coivcd from Dr. R. Glaser of Princeton, Xcw Jersey, 
during 1930. This strain has iKcn maintainctl in 
iltro on X, X. media by the writer up to the present 
time (March. 1943). Subcultures have been made 
monthly or bimonthly. 

*Thc writer's attention was callctl to this smear by 
Miss .'Ximee Wilcox of the Xalional Institute of Health. 
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Fig. 1. Blood smear contaminated with Hcrpctomonas Sp. 


cision that tlie smear was contaminated with the 
excreta of some insect. 

Bisexjssxox 

In view of the fact that house-flies and other 
insects throughout the world may be infected 
witli herpetomads or leptomonads and that they 
occasionally may contaminate malaria slides with 
flagellates and bacteria, it is obviously ncccssaiy' 
that even* precaution should be taken to protect 
the supply of the slides and the newly prepared 


blood smears from flics and other insects. Such 
precaution not only avoids erroneous diagnosis but 
also prevents insects from eating the smears. In 
field work a slide box (capacity 25) held in an 
upright position will make an ideal container for 
storage of newly made thick films until the slifles 
are dry (5). 

When malaria smears arc contaminated with 
Ilcrffclomonas or LcplomonaSy technicians way 
confuse them with (a) crescent of Plasmo<Uum 
fakiparium, particularly if the flagellum of the 
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parasite is not distinct; (b) with trypanosomas if 
not aware that in the blood of the vertebrate host 
tr 3 ’’panosomes do not occur in Hcrpelomonas or 
Crithidial forms. 

SUMMARY 

1. Two malaria thick films (one from Alabama 
and the other from Mississippi) were found con- 
taminated with flagellates {Hcrpelomonas Sp.) 
which apparently were deposited on the smears by 
insects. 

2. House-flies {Mnsca domcsltca) reared free of 
parasites were experimentally infected with a 
culture of Hcrpelomonas vniscac domcslicac. The 
experimentally infected flies were permitted to feed 
on freshly made thick blood film, which they con- 
taminated with Hcrpelomonas by depositing their 
excretion on the smears. 

3. In malaria surveys (particularly in the field), 
it is important to safeguard the newly made blood 
smears from house-flies and other insects in order 


to avoid any possible confusion in diagnosis and 
in the destruction of the smears. 
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TRANSACTIONS 


'rniRTY-Mxni Annual I^Ieetixg 

Meeting in Cincinnati, Ohio, in conjunction 
with the National Malaria Sodety and the Ameri- 
can Academy of Tropical Medicine, as guests of 
the Southern ^Icdical Association, November 
16-18, 1943. 

BI'Slvess Meeting 
The Minutes of the Co:tncil Merlin g 

The annual business meeting (which was pre- 
cede! by the annual dinner) of the officers and 
council of the Society wtis held at 6 p.m. on Mon- 
day, November 15, at the Gibson Hotel. Those 


present were; Doctors C. F. Craig, J. S. D ’Antoni, 
R. E. Dyer, N. P. Hudson, T. J, LcBIanc, A. C. 
Reed, W. A. Sa\v>xr, J. S. Simmons, A. J. Warren. 
Those absent were: Doctors G. R. Callender, J. 
A. Curran, C. S. Stephenson, R. B. Watson. The 
president, Doctor N. P. Hudson, presided. 

1. The minutes of the previous meeting, No- 
vember 9, 1942, were accepted as published in the 
March 1943 issue of Tiie ;\MERia\K Journal or 
Tropical Medicine. 

2. The president appointed Doctors Reed and 
LcBlanc as the Resolutions Committee, 

3. The Sccrctan'''s report v/as presented as 
fol!o\vs: 
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TRANSACTIONS 


Membership: The total active membership of 
the Society as of November 1943, was 952, as com- 
pared with 650 on approximately the same date 
in 1942. The increment and other changes were 
as follows: 

5 deceased (including 1 erroneously dropped 
as delinquent in 1942) 

> 3 resigned (including 1 erroneously dropped as 

delinquent in 1942) 

16 dropped as delbqucnt in 1943 (actually 21 
were dropped, but the number is reduced by the 
2 members erroneously classified as delinquent, 
but who actually were dead (1) or resigned (1), 
and by 3 others who reside in “mail service sus- 
pended*’ areas and who remain in status quo). 

313 new members added by the Council in 
1942 (actually the number was 314, but 1 mem- 
ber, through error, had re-applied for member- 
ship, and, because his initials and given names 
were stated differently, was re-accepted by the 
Coundl). 

4 reinstated during 1943 (dropped as delin- 
quent in 1942). 

2 erroneously dropped as delinquent in 1942 
and later found to be resident in “mail service 
suspended” areas. 

7 accepted in 1942 but because of a change in 
the method of filing not appearing on the mem- 
bership roster until 1943. 

At the present rime 38 members are 2 years 
delinquent and 102 are 1 year delmquent. 

At present the Society has 4 emeritus and 20 
honorary members. In addition (and in addition 
to subscriptions by libraries, institutions, etc.) 11 
non-members subscribe to The American Jour- 
nal OF Tropical Medicine. 

The roster of new members follows: 

Aaronson, Abe Louis 
Abel, Henri E. 

Agndr, Elbert B. 

Alderson, Clair Milton 
Ai;mquist, Bred Ashley 
Alhy, Thomas P, 

Anderson, Clyde 
Angrist, Alfred A. 

Anthony, Paul K. 

Arey, Donald Lurton 
Arnold, Aaron L. 

Baer, Bernhard 
Baker, Donald Hall 
Baker, Roger Denio 
Ball, Thomas L. 

Bang, Frederik B. 


Barlow, George B. 

Barnes, Earl Bower 
Baroody, Bahij Joseph 
Bauer, Carroll A. 

Becker, Elery R. 

Beklikd, Melvyn 
‘ Berner, LEms 
Berry, Clyde William 
Bess, George C. 

Beyer, Emil Charles 
Biattner, Russell John 
Bingham, Elmer McKinley 
Birch, Carroll LaFleur 
Black, William C. 

Blackvst:ll, Samuel Joseph 
Blount, Robert E. 

Blumberg, Ralph 
Boknstein, Johann S, 

Bowxn, Joseph J. 

Brackett, Sterling 
Brand, Maxwell R. 

Braun, Emery J, 
Briceno-Maaz, Tulio 
Brodkey, Morris H. 

Brooke, James W. 

Brooks, Thomas Joseph Jr. 
Broi^nson, Bradley C. 

Bruhl, Charles Kennedy 
Bustamante, Miguel Enrique 
Calero, Carlos Mouna 
Cardenas-Montero, Manuel A. 
Carter, Franklin 
Casey, Carlton J. 

Cayaves, Paul G. 

Chernoff, Harry A. 
CHR2AN0WSKI, JOHN A. 

Clapper, Muir 
Clavier, Jorge 
Cochrane, Cleland D. 
Cockerell, Earl Rush 
C oKLiN, John FRANas 
Cook, Hunter Summers 
CORRELL, WHXIAM C. 

Cox, Paul A. 

Cromartie, William James 
C ucKLER, Ashton Clinton 
Cushing, Edward Harvey 
Davis, James Zdimiri 
Davis, Paul Vincent 
Davison, Wilburt Cornell 
DeLeon, Donald 
Denton, James Fred 
Digilio, Victor A. 

Donovan, Thomas Joseph 
Drake, Willard Melvin Jr. 
Dulaney, Anna D. 

Dworin, Morris 
Dyer, Edward L. 
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Eddy, Howard C. 

Edelson% Edmond K. 
Eisenstaedt, Werner F. 

Epstein, NoRiiAK 
Falkinburg, LeRoy Wilkins 
Feder, Isidore A. 

Felsenfeld, Oscar 
Fenton, Ward C. 

Ferguson, Malcolm S. 
Finkelstein, Herman 
FiNKELSTEIN, HYilAN M. 
Finkelstein, Samuel M. 

Fisher, Wilton Monroe 
Flood, Randolph Gove 
Ford, John R. 

Fourcher, Kenneth R. 

Fox, William 
Frazin, Bernard 
Freeman, Gustave 
Frick, Da\td Clements 
Furth, Jacob 

Gabriel, Frederick Raphael 
Galt, Jabez 
Garber, Jared Young 
Gauthier, August E. 

German, William McKee 
Gillespie, Jacob E. 

Goldfinger, Maurice Frederick 
Goldstein, David H. 
Gomez-Mira, Adalberto 
Gonz/\lez-Alejandro, Lujan 
Graczyk, Stephen A. 

Gray, Otto E. 

Greenberg, Milton 
Gref.ne, David G. 

Greene, James A. 

Greenfield, Irntng 
Greer, Richard Henry 
Groot, Hernando 
Gunderson, TsIillard F, 

Guyton, Clarence L. 

Hageaun, Herbert C. 

Haley, John Carun 
Ham, George Hillery 
Ham ANN, Ceol B. 

H AMMON, WlLUAM McDO\M:LL 
Handy, Vincent Herbert 
Hanna, Roger Jultkn 
Harrell, George T. 

Harrell, Hf^tiy L. 

Harris, Albert Hall 
Hawkins, Phiup A* 

IluuxNRicn, Robert Maurice 
Hfgarty, Francis A. 

Herbert, Charuls T. 

Uf^tz, Carl 
llrmc, Robert A. 

Hill, Raymond M. 


Hoffman, Morris Joseph 
Holden, Eugene M. 

Holladay, Beverly L. 

Holman, Russell L. 

Holmes, Roy H. 

Holzman, Daniel 
Hook, Walter E. 

Horn, Benjamin 
Horn, Henry 
Hoskins, William H. 

Howell, Julian P. 

Hudson, Alfred Edward 
Hunter, Tnoius H, 

Ihle, Charles W. 

Ingalls, Mabel S. 

IsEUN, John H. Jr. 

Jackson, Truxton Lawrence 
Jaeschke, Walter Henry 
Ji\HNiG, Richard P. 

Johnson, Herbert Bolster 
Johnston, Joseph Boudinot Jr. 
Jones, George M, 

Jones, James B. 

Kahn, Jacob Philip 
Kambhu, Ekjai 
EIaplan, Louis 
Karcher, James Frankun 
Kaufmann, William 
Kemp, Robert S. 

Kennedy, Robert A. 

Kern, MAxnoxiAN 
Khuon, Robert E. 

Kiefer, Norvin Charles 
King, John H. 

Kleinman, Abraham I. 
Kleinsoimidt, Clinton Charlgs 
Kunger, Siegfried . 

Kneedler, William Harding 
Kohlenberger, Charles F. W. 
Kostmayer, Hiram W. 

Kydd, Da\’td M. 

Lambert, Lesue Angelo 
Labtience, Edgar A. 

Lee, George R. 

LeFe\x:r, Kenneth H. 

Lehman, William Louis 
Leighton, Leslie H. 

Lemery, George W. Jr. 
Levi-Castillo, Jose Roberto 
Lebt., Irvtng A. 

LiaiTBLAU, Abe A. 

Lieberthal, Milton M. 

Liluck, Lots C. 

Littmann, Lebts E. 

Longnakek, John Wiluam 

Tx)rEs, CiD F. 

Lobt, Robert C. 

McBREVRrv, John Dendy 
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McCarty, WiujAit C. 

Marcus D, 

!McIvor, Barbara Cathertkr 
MacDonald, Willl\m C. 
lilACKIE, JaKEX WelOI 
^Iackowski, Herbert Wtltjam 
Manning, Isaac H/Vll Jr, 

^lARaiEN-AQUIRRK, AteONSO 

Martin, jAiiEs R, 
jMelton, Joseph 
Meranze, David Raymond 
Meyers, Golomon G. 

^IiDENCE, Alfred C. 

I^IoLL, Frederic Clifford 
Mollari, Mario 
^ loNROY, Benjamin Ron 
Montgomery, Cilmoxs Christian 
3\Ioore, Donald V. 

Morrison, John R. 

]Mueller, Justus Frederick 
Mueller, Morris A. 

MuLLOi\TJEy, James Philip 
Napier, Lionel Everard 
Noe, William Leeds 
O cELus, Edw^vrd V, 

Olsen, Alonzo Y, 

Olson, Frederick A. 

Omstead, AIilton H, 

O’Neil, James T. 

Oyer, John H. 

Palmer, Alger A, 

Papadakis, Martha Georgia 
Papineau, Alban 
Parker, Julian G. 

Patton, Paul B. 

Penner, Lawrence I^ymond 
Perkin, Frank Scott 
Pimentel-Imbert, Manuel Felipe 
P xxxEY, John S, 

Platt, William Rady 
Pomeroy, Richard W. 

Press, Edward 
Rathe, Herbert William 
Ravelo de la Fuente, Jose Jesus 
Read, Hilton S. 

Reese, John D. 

Reissman, Seymour 
Riley, Franqs S. 

Rosenberg, Benjamin 
Rosenkrantz, Jacob Alvin 
R oss, Samuel 
Rubin, Ira L. 

Ruebush, Trenton Kieffer 
Russell, William 0. 

Saladrigas, Enrique 
Sarro, Nicholas 
Sawyer, Logan Everett 
Scherer, John H. 


Schuler, William Henry 
S aiUMANN, Franqs 
Schulze, William 
Shannon, Paul V. 

Shaw, Robert jNIcLeod 
Sheinkopf, Jacob Allan 
SnEPARD, ^Va\^ 

SherSHOW, i\LBERT 
Shr/\ger, Joel 
Shrapnel, Buss Caicuffe 
S iLBERSTEIN, JACK S. 

Simpson, Myron L, 

Skelly, Joseph J. 

SLiWiN, Howard B. 

SxHTH, Clarence Wilu^ui 
Smith, Emery Vernon 
S^OTH, FRANas D, 

Smuh, ^Iilton S. 

SPARiuwi:, Sam 
ST/Vdler, Harold E. 

Staffier, Anthony R. 

Stein, William 
Steinberg, Edgar Irvstn 
Steward, Wiluams D. 

SxrcH, Melvin H. 

StrLTOLL, George Giles 
Stone, Knowxton D» 

Stout, Hugh A. 

Stryker, Walter Albert 
Stump, Robert M. 

SWANSEN, AIeRLE HARRIS 
Tager, Benjaihn Natilvn 
TaGER, iMORRIS 
Tanner, Rondeix H. 

Taylor, Eugene Emerson 
Tedrow, George C. 
Tuckmtller, Pat A, 
Valentine, Eleanor Harriet 
Van Loo, Jacob 
Vest, Walter E. Jr, 

VicENS, Cristobal A. 

Wald, IMilton A, 

Wall, Emmett D, 

Wallace, Warren S. 
Wampler, Frederick Jacob 
Wassell, Corydon JIcAlmont 
Wechtel, Karl N, 

Weinberg, James Irving 
Weir, John SL 
West, John Rich.vrd 
White, Millard B, 

White, Raymond Leroy 
Whiteley, Horace W. 

WiESEL, Benjamin 
W iKOFF, John Leslie 
Wiluams, Thomas Henry 
W nxiAMSON, George Ralph 
W^ iLUS, Willard H, 
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Wing, V/ilsok M. 

\VOLIXKilAN% OSCAU JOITK Jr. 

Wood, Edward Neil 
Woods, Archie Scott 
Wyborney, Eugene H. 

Yeatts, Harry Blair 
Yood, Alfred 
Z iMiiERiiAN, Louis 

Those who resigned from active membership 
during 1943 are: 

J. L. Carr 
0. G. Hazel 

G. n. Miller 

With regret tlie names of the following members 
were listed as having died during the past yesn: 

TsI. R. Dinkelspiel 
J. B. Helm 
W. A. Hoffman 
A. D. Sell ARDS 

H. Zeiler 

Letters of condolence are sent to the families of 
deceased members whenever the Secretary's office 
is notified of the death. 

Actio?i of the Council by Correspondence: 

(a) Approval b}'' correspondence of the names 
of 314 applicants for membership in the Society 
during 1943. 

(b) Approval of the publication by the Society 
of a bi-monthly bulletin, the dates of issue to 
alternate with the dates of issue of The Journal. 

(c) Approval of traveling expenses to the meet- 
ing for the Editor of I'liE Journal, Colonel 
Charles F. Craig. 

(d) Approval of appointment by the President 
of a Committee on War and Post-War Activities. 

Circular Letters: On December 18, 1942, > 21 
delinquent members were informed by registered 
mail of the action of the Council November 6, 
1942. (Am. J. Trop. Med., 23:300, jMarch, 1943), 
On January' 31, 1943, letters to the general mem- 
bership, in which bills for 1943 were included, were 
sent out by the Sccrctaiy'. These letters dealt 
with the high-lights of the 1942 meeting and with 
other matters of general interest. On February^ 24 
letters were sent to the Officers, Coundlors and 
Committeemen by the President, requesting sug- 
gestions as to plans for the coming year as well as 
for the 1943 meeting; the rc|)lics were very' helpful, 
and most of the suggestions have been included in 
the program. June 2 letters were sent by tire 
Treasurer to delinquent members. July 26 letters 


were sent by the President asking ' essayists to 
participate in the program. November 2 letters 
were sent to former Presidents of the Society in- 
viting their attendance at the coming meeting. 

Appointment of Committees: June 11, 1943, a 
Committee to elect a new Editor was appointed by 
the President, consisting of Doctors F. Boyd 
Chairman, and C. F. Craig, R. E. Dyer, A. C. 
Reed and W. A. Sawyer, for the purpose of select- 
ing a member of the Society to replace Colonel 
Charles F. Craig as Editor of The Journal. 

The Secretary expressed his sincere appreciation 
for the interest and cooperation showm by both the 
Council and the members during 1943, and espe- 
cially' thanked the President for his invaluable 
assistance during the entire j'car. Attention was 
again called to the excellent cooperation shown by 
the Southern !Medical Association through the 
Secrctary-iManager, Mr. C. P. Loranz. The Sec- 
retary also thanked committee chairman as well as 
committeemen for their assistance during the 3'ear. 
He called to the attention of the members the fact 
that the tremendous increase in growth of the 
Society had been largely due to the efforts of 
Colonel G. C. Callender and Lieutenant Colonel 
T. T, Mackie of the Army Medical School. 

4. The following action was taken on the Sccrc- 
tar>'’s report: 

(a) 2 1 members delinquent in dues were dropped 
from the rolls. 

(b) Resignations submitted by 3 members were 
accepted. 

(c) The deaths of 5 members were noted \rith 
deep regret. 

(d) The sum of SI 25 was voted for secretarial 
assistance during 1942-43. 

(e) The report of the committee to elect a new 
editor was tabled until the Editor's report had 
been read. 

5. The report of the Treasurer was read (as 
follows) and accepted. 

CHECKING ACCOUNT 
I^CEins 

Balance on hand, November?, 1942, $490.66 
Received from Eli Lilly & Co. for 

Bailey K. Ashford Au^ard 1150.00 

Transfer from Savings .Ac- 
count, State National 
Bank of Sheffield, Ala- 
bama to checking ac- 
count of National Bank 
of Commerce $126S.96 
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Interest from Savings Ac- 
, count ‘.State,, National 
. Bank, of . Sheffield, Ala- 
bama... 9,62 


Total 1278.58 

Less Checking Account in 
State National Bank of 
Sheffield transferred to 
Savings Account. 306.61 971.97 


Dues from membership to 1943 4347 . 25 

Dues from membership for 194^1 70.00 


Total $7029.88 

Disbursements 
To Editor, Charles F. Craig, for 
secretarial service for 1942-43 ... $100.00 
To Secretary, E. Harold Hinman 
for secretarial service from No- 


vember 1, 1941 to April 3, 1942. . 20.00 

To Secretazy, J. S. D^Antoni for sec- 
retarial service from April 3, 1942 

to November 7, 1942 50.00 

Walter Reed Medal Awards 23.55 

Transportation expenses of Editor 

to 1943 meeting. 92.13 

To Norman H. Topping, expenses 
Cincinnati meeting (Bailey K. 

Ashford Award) ISO . 00 

To Norman H. Topping, for Bailey 

K. Ashford Award 1000.00 

Postage 108.00 

Printing and Stationery 96.24 

Refund to Members 49.88 

Checks (not sufficient funds) 10.00 

Bank Charges 26.47 

U. S. War Savings Bonds Series F : 

3® $370.00 each.... 1110,00 
3 @ 74.00 each .... 222.00 1332.00 


Check for collection 5.00 

Williams & Wilkins, Publishers, for 

the Journal 3310.59 

Incidental office expenses 20.00 


Total Disbursements $6393 . 86 

Balance on hand, November 7 , 1943. 636.02 


SAVINGS ACCOUNT 

Balance on hand, November 7, 1942 $962.45 

Interest 

Transfer from checking account 306.61 


1278.58 


Balance transferred to checking account in 
National Bank of Commerce $1278.58 


ASSETS OF SOCIETY 


Balance in checking account $636.02 

U.S. War Savings Bonds Series F 1332.00 


$1968.02 

The Treasurer requested that he be authorized, 
with the President, to purchase war bonds with 
surpluses which might develop during the year 
after necessar}^ expenses had been met. This re- 
quest was granted. 

Doctors Warren and Sawyer were designated to 
audit the Treasurer’s books and to approve them 
if correct. 

6. The report of the Editor of The Journal 
(Colonel Charles F. Craig) was presented as fol- 
lows; ' 

With the November issue, The American 
Journal of Trofical Medicine, the official organ 
of the American Societ}^ of Tropical Medicine, will 
have completed its Uventy-third volume. The 
past year has been the most prosperous in the 
histoiy’^ of The Journal, because of the large 
number of new members wffio have been added to 
the Society, especially from the ranks of the Army, 
Navy and Public Health Service, and because of 
the realization b}" the medical profession of this 
country that a knowledge of tropical diseases will ' 
be of greater and greater value and importance, 
especially during the post-war period, ivhen dis- 
eases peculiar to, or most prevalent in tropical 
regions will be brought home by returning troops 
who have served in these regions. This addition 
to the membership has, of course, resulted in a 
similar addition to the subscription list, which has 
practically doubled during the past few months. 
The character of the papers submitted for publica- 
tion in The Jotonal has been high, and many 
excellent papers have had to be returned to their 
authors only because of lack of space for publica- 
tion, The restrictions placed by the War Produc- 
tion Board upon the amount of paper used by 
publishers has greatly hampered The Journal 
and although effiorts have been, and arc still being, 
made to secure an increased allowance, the pros- 
pects for such an increase are anything but favor- 
able at present. 

Durmg the past year a new contract was made 
with the publishers, in accordance with the action 


Total 
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of the Society at the last meeting, whereby the 
Society will share in any profits made by The 
Journal. It will be remembered that for many 
years the publishers continued to print The Jour- 
nal at a loss, and at one time our debt to them 
amounted to several thousand dollars. This debt 
has been gradually reduced durbg the past decade 
and the Editor is pleased to be able to report 
that at the present time The Journal is entirely 
free from debt and that in 1943 the Society will 
receive a substantial profit in accordance with the 
provisions of the new contract. 

Colonel Craig expressed his owti sincere ap- 
preciation and the appreciation of the Society 
to the Williams & Wilkins Company which for so 
many years printed The Journal at a loss and 
thus prevented cessation of publication. 

One Supplement to The Journal was published 
during the year. The policj” of publication of 
papers paid for by the author, or by the institution 
with which he is connected, has been continued, 
and several of the most valuable papers appearing 
in The Journal during 1943 were thus published. 
The Editor expressed his appreciation to the 
authors of these papers and to institutions with 
which they are connected, especially the Rocke- 
feller Foundation, and recommended that this 
policy be continued. It docs not interfere with 
the publication of other papers, as all paid papers 
arc printed as extra pages, and it docs result in the 
publication of vcr>'’ valuable contributions that we 
would otherwise be unable to publish. 

There has never been a time in the histoiy^ of the 
countrj" when a journal devoted to tropical medi- 
cine is as useful and essential as at the present time 
and the Editor thought that the Society could be 
congratulated upon publishing a journal that is the 
only such journal published in this country" and is 
recognized as one of the best in this field published 
in any countr3\ He thought the future very 
bright for The Journal owing to the increased 
importance of tropical medicine to the medical 
profession in the United States. 

In tendering his resignation as Editor of The 
Journal Colonel Craig desired to express his ap- 
preciation of the encouragement and assistance 
given him Uirough the 17 years that the Society 
had so honored him by the officers, members of the 
council, past and present, and by the members of 
the Society, and he wished for the new Editor the 
same cordial assistance that had been ghxn him. 

7. The following action was taken on this report: 

(a) It was rccei vtxl with a vote of sincere ap- 


preciation for the valuable work of the Editor in 
the past. 

(b) Although the Officers and Council, as well 
as the membership, fully realized the hardships 
inherent in the position, Colonel Craig was asked 
to reconsider his resignation and resume his editor- 
ship of The Journal, which, after some discussion 
he agreed to do. 

(c) It was decided that the Editor and the 
President of the Socict\^ should make a concerted 
effort to have the War Production Board recon- 
sider its ruling on limitation of paper for The 
Journal, which othcn\asc would be greatly cur- 
tailed in size in 1944, because of the large increase 
in the membership of the Socict}’, 

(d) The sum of $150 was voted for secretarial 
assistance. 

8. The following committee reports were pre- 
sented: 

(a) The Committee on Honorary Alembcrship 
recommended no election of new members at this 
time. This report was accepted. 

(b) The report of the Membership Committee 
has been included in the report of the Sccrctar\\ 
No additional other members were elected at this 
time. 

(c) The selection of Colonel George R. Callender 
to present the Eighth Charles F. Craig Lecture was 
approved and the Secrctaiv’^ was directed to extend 
the thanks and appreciation of the Society to the 
speaker. 

(d) The report of the Program Committee was 
accepted. 

(c) The Secretary was directed to inform the 
Committee on the Award of the Walter Reed 
^Icdal that this award will be available for the 
1944 meeting. 

(f) The presentation of the Bailey K. Ashford 
Award to Dr. Norman H. Topping of the National 
Institute of Health, as recommended by the Com- 
mittee on Award, was approved. 

(g) The report of the Committee on Teaching 
of Tropical I^Icdidnc was accepted as read. The 
suggestion of the Committee, that Dr. H. E 
Mclency be selected as the new chairman, because 
of his outstanding contributions to undcr-graduate 
and post-graduate training in tropical medicine as 
chairman of the similar committee in the .Associa- 
tion of American Medical Colleges, v.t.5 also ac- 
cepted after it had l>ccn voted to continue this 
committee. 

(h) The report of the newly formed Committee 
on War and Post-War Aairitics w.s held in 
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abc 3 ^ancc, since formal plans could be made only 
after the s>mipos5um and special business meeting 
to be devoted to this subject, 

(i) Since no meetings were held in 1943, no re- 
ports could be made by the delegates to the meet- 
ings of the councils of the American Society of 
Parasitoiog)^ or the American Association for the 
Advancement of Science, If meetings should be 
held in 1944, Doctor [Melenej^ was selected to 
represent the Society in the former and Doctors 
Faust and Clark in the latter Society, 

(j) It was recommended to the Societ}" by the 
resolutions committee that letters of appreciation 
be sent to the following individuals and organiza- 
tions: ]Mr. C. P. Loranz, Southern Medical Asso- 
ciation; Doctor Louis B* Owens, Hamilton County 
Medical Society; Doctor Harvey F. Garrison, 
Southern ^Icdical Association; Mr. Randall Davis, 
Hotel Gibson; Colonel George R. Callender; and 
Colonel Charles F. Craig. 

9. It was voted to continue affiliations with the 
Southern Medical Assodation and the National 
ilalaria Sodety. 

10. The council appointed Colonel Charles F. 
Craig to replace Colonel F, F. Russell and to ser\"e 
for a period of 6 years on the Walter Reed Medal 
Committee. 

11. Appointments made by the President for 
the Charles F. Craig Lecture Committee, Hon- 
orary Membership Committee, Program Commit- 
tee and the Membership Committee appear on 
page 145, as do the appointments made by the 
council to the committee on the Teaching of 
Tropical Medicine. 

12. The Council voted to propose the following 
ballot of new officers to the Sodety: President- 
Elect, R, E, Dyer; Vice-President, H, W. Bro\vn; 
Council for 4 years, J, F. Kessel, 0. R. McCoy; 
Council for 1 year, L. T. Coggeshall, to fill the 
unexpired term of Doctor Dyer who became 
President-Elect. 

13. J. S. Simmons was selected as a member of 
the editorial board of The Journal for S years to 
replace J. Andrews, whose term expired. 

14. There was no unfinished business to be 
brought before the coundl. 

New Business 

15. Doctor E. C. Faust was appointed to serve as 
the representative of the Society at business meet- 
ings of the American Foundation of Tropical 
Medicine, the appointment being made at the 
request of the Foundation. 


16. Since the terms of the Bailey R. Ashford 
Award had never been published, it was voted that 
they be published in The Journal. 

17, Adjournment followed. 

Special Business Session 
Novmber 17, 1943, 9:30 p.vi. 

The Sodety, in conjunction with the American 
Academy of Tropical Medicine and representatives 
of the American Foundation of Tropical Aledicine, 
met in special session to consider the responsibili- 
ties and opportunities of service in tropical medi- 
cine int he present war emergency and in the 
immediate future. Consideration of the subject 
was introduced by the report of the Committee on 
War and Post-War Activities of the Sodety in 
Tropical ]Medidne and the discussion was led by 
Dr. Coggeshall, Chairman of the Committee. 

After a discussion of the many questions in- 
volved, each organization (with Doctor Hudson 
presiding for the American Societj" of Tropical 
Medidne) unanimously approved the following 
resolutions; namely, 

1. That the committee on War and Post-War 
Activities of the Society be continued, to consider 
problems concerned and recommend appropriate 
action to the Society; 

2. That the Society publish a so-called bulletin, 
bi-monthly and alternating with The Journal, to 
serve as a medium for distributing information 
related to the Society, tropical medicine, and the 
war emergency; 

3. That the Sodety formulate and fon\^ard to 
the American Academy a resolution that graduate 
and under-graduate education and research in 
tropical medicine be energetically promoted now 
and in the future, and that this matter and its 
various ramifications be referred to the American 
Foundation for consideration and action, with the 
assurance that the Society wshes to assist as it is 
able, through its organization and individual mem- 
bers; 

4. That the Sodety formulate and for^^ard to 
the appropriate Army medical agendes resolutions 
expressing the Sodety’s commendation and appre- 
ciation of the successful service of assembling and 
distributing parasitological and pathological sped- 
mens to institutions and individuals for use in 
education in tropical medicine during the present 
emergency, wdth the assurance that the Sodety, 
both through its organization and individual mem- 
bers, wishes to be of sendee as it can for the promo- 
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tion and continuation of these vety successful 
services; and 

5. That the Society send an expression of its 
sincere thanks and appreciation to the John and 
Mary R. Markle Foundation for its financial sup- 
port of the teaching program in tropical medicine, 
without which this essential contribution to the 
emergency medical situation in the nation’s mili- 
tary forces could not have heen made. 

Annual Business Meeting 
November 18, 1943, 1Z\1S p.iiu 

1. The minutes of the 1942 business meeting 
were accepted as published. 

2. Transactions of the Council as set forth in 
items 3, 4, 5, 6, 7 and 12 were approved, 

3. The actions of the second business session 
wcr(;also approved. 

4. It was unanimously passed that the Secretary 
of the Society, by virtue of his office, should serve 
as the editor of the proposed new bulletin of the 
Society. 

5. Adjournment followed. 

Scientific Sessions 

The first scientific session of the Society was 
called to order at 2 p.m., Tuesday, November 16, 
in Parlor H of the Gibson Hotel b}’^ President, N. 
Paul Hudson, Columbus, Ohio. The program 
follows: 

1. ‘Tnflucncc of Vitamin Intake upon Phagocy- 
tic Activity” b}^ C. A. Mills and Ester Cottingham, 
University of Cincinnati College of Medicine, 
Cincinnati. Presented by Doctor Mills. 

2. “The Role of the Reservoir Host in Tropical 
Diseases” Ellis Herndon Hudson, Commander, 
Medical Coq^s, USNR, U. S. Naval Medical 
School, Bethesda. Discussed by Doctors Rees 
and Packchanian. 

3. “Epidcmiolog>* of Tropical Diseases in Mexi- 
co” Miguel E. Bustamante, Institute de Salu- 
bridad y Endermedades Tropicales, Mexico. 

4. The Eighth Charles F. Craig Lecture on 
Tropical Medicine: “Diarrheal Di^y^ases”, George 
C. Callender, Colonel, Medical Coq^s, US.\, Army 
Medical School, Washington. 

5. “The Reaction to Intradennal Trichinclla 
Antigen in Patients with Tuberculosis”, George 
*r. Harrell, Bowman Gray School of Medicine of 
Wake Foa'sl College, Winston-Salem. Discussed 
by Doctor Bo?.icc\dch. 

6. “Inlradcrmal ami Serological Tests with 


Dirojilaris imjniiis Antigen in Cases of Human 
Filariasis”, John Bozicevich, National Institute of 
Health, U. S. Public Health Servnee, and A. M. 
Hutter, Lieutenant Commander, I^Iedical Corps, 
USN, U. S. Naval Hospital, Bethesda. Presented 
by Doctor Bozicevich and discussed by Doctor 
Huntington. 

7. “The Treatment of Canine Heartworm 
{Dirojilaris ivwti(is) with Anthiomaline”, H. W 
Browm, T. J. Brooks, Jr., and E. Waletzky, Uni- 
versity of North Carolina, School of Medicine, 
Chapel Hill. Presented by Doctor Brown and 
discussed by Doctors Reed, Meleney, Bozicevich, 
Napier, Packchanian, Culbertson. 

8. “The Diagnosis of Filariasis by Immuno- 
logical Procedures, with Antigen from Litonosoidcs 
carinii of the Cotton Rat”, J. T. Culbertson and 
H. M. Rose, Columbia Universit}' College of 
Physicians and Surgeons, New" York. Presented 
by Doctor Culbertson and discussed by Doctor 
Bozicevich. 

9. “Intradermal Reactions Following the Use 
of Dirojilaris immilis Antigen in Persons Infected 
with Onchocerca volvulvs^\ Willard H. Wright and 
John R. Murdock, Pan American Sanitar>" Bureau, 
Washington. Presented by Doctor Wright. 

The second scientific session of the Society was 
called to order at 9 a.m. in the ball room of the 
Gibson Hotel, November 17, 1943, by President 
N. Paul Hudson. The program follow’s: 

10. “The American Foundation for Tropical 
Medicine”, Alfred R. Crawlord, Secretary, Ameri- 
can Foundation for Tropical Mcdidne, Brookl>Ti. 

11. “The Teaching of Tropical Medicine to 
Instructors in Medical Schools, A Report”, Henry 
E. Meleney, New" York University College of 
Medicine, New’ York. 

12. “The Distributing Center for Parasitological 
Specimens”, George W. Hunter, III, Major, 
Sanitary Corps, Army Medical School, Washing- 
ton. Discussed by Doctors Sawyer and Ackert. 

13. “West Coast Problems in War-Time Trop- 
ical I^Iedidnc”, A. C. Rccil, University of Cali- 
fornia Medical School, San Francisco. Discussed 
by Doctors Mustard, Faust, Bustamante, Kcssel, 
Kessel, Kcllcrsbcrger and Shattuck. 

14. “Filarial Lymphagilis Among Troops in a 
South Pacific Archipelago”, Robert W. Hunting- 
ton, Jr., Lieutenant Commander (MC) USNR, R. 
H. Fogel. Lieutenant Commander (MC) USNR, 
S. Eichold, Lieutenant (MC) USNR, and James 
G. Dickson, Captain (MC) USN, U. S. Naval 
Hospital, San Diego. Pascnled by Doctor Hunt- 
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ington and discussed by Doctors Napier, Sand- 
ground, Brora and Coggeshall! 

15. '^Entomological Phases of Recent Dengue 
Outbreak in Honolulu'^ Robert L. Usinger, Passed 
Assistant Sanitarian (R), U. S. Public Health 
Service, Carter ^lemorial Laborator>% Savannah. 
Discussed by Doctors Napier, Hackett, Sleleney, 
Salisbury, Bishopp, Komp and Simmons. 

16. "Yellow Fever Control During the War^’, 
Charles L. Williams, U. S. Public Health Ser\dce, 
New Orleans. 

17. "The Introduction of Tropical Diseases into 
the United States After the War", W. A. Sa\\yer, 
Director, International Health Division, Rocke- 
feller Foundation, New York. 

18. "Current and Future Considerations of the 
Tropical Disease Field", L. T. Coggeshall, Uni- 

' versity of Michigan Medical School, Ann Arbor, 
The third session was called to order Thursday, 
November 18, at 9 a.m. in the Club Room of the 
Gibson Hotel, by President N. Paul Hudson. 
President-Elect W. A. Sawyer presided. The 
program follows: 

19. "Malaria in High Altitudes", Henry Han- 
son, Jacksonville. Discussed by Doctors Cogge- 
shall, Hackett, and Bustamante, 

20. "The Age Level for the Peak of Acquired 
Immunity to Malaria as Reflected by Labor 
Forces", Herbert C. Clark, Gorgas Memoria 
Laboratory, Panama. Discussed b}^ Doctors 
Hackett and Napier. 

21. "Amebiasis of the Uterus”, Damaso de 
Rivas, Philadelphia. Discussed by Doctor Me- 
leney. 

22. "The Influence of Cholesterol and Certain 
Vitamins on the Growth of Endamocha hhtolytica 
with a Single Specimen of Bacteria", Charles W. 
Rees, John Bozicevich, Lucy V. Reardon and Floyd 
S. Daft, National Institute of Health, U. S. Public 
Health Service, Bethesda. Presented by Doctor 
Rees and discussed by Doctors Topping, Bozice- 
vich and Meleney. 

23. "Comparison of Chlorine and Ozone as 
Cysticidal Agents of Endamocha hisiolyiica^% John 
F. Kessel and Donald K. Allison, University of 
Southern California School of ISIedicine, Los 
Angela. Presented by Doctor Kessel and dis- 
cussed by Doctors Sandground and Rees. 

24. Presentation by Doctor H. E. Meleney of 
the Bailey K. Ashford Award in Tropical Medicine 
to Norman H, Topping, Passed Assistant Surgeon, 

U. S. Public Health Ser\nce, National Institute of 
Health, Bethesda. 


25. “Infantile Toxaplasmic Encephalomyelitis: 
A Clinical and Pathological Study of Five Cases”, 
William 0. Russell, William P, Callahan and 
Sfargaret G. Smith, Washington University Scliool 
of ^Medicine, St. Louis. Presented by Doctor 
Russell and discussed by Doctors Clark and Sakin. 

26. "The Contamination of Natural Waters by 
Paskurella TidaramV\ R. R. Parker, Edrard A. 
Steinhaus and Glen SI. Kohls, Rocky Slountain 
Laborator>% U. S. Public Health Service, Hamilton. 
Presented by Doctor Steinhaus and discussed by 
Doctors Foshay, Faust and Packchanian. 

27. “The Protean ^Manifestations of W'eirs Dis- 
ease", Sluir Clapper and Gordon B. Jlyers, Wa\Tie 
Universit}^ College of Medicine, Detroit. Pre- 
sented by Doctor Clapper and discussed by 
Doctors Meleney and Napier. 

The followdng papers (numbers 28-31) were 
listed by title or (numbers 33-34) were not pre- 
sented because of the essayists’ inability to be 
present at the meeting: 

28. "The Behavior of Trichomonas vaginalis in a 
Semi-Solid Medium", Mary J, Hogue, University 
of Pennsylvania School of Medicine, Philadelphia. 

29. "A Report on a Case of Valantidiasis with 
Observations on Experimental Transmission to 
Rats and Mice", H. Tsuchi 3 "a and Bruce Kena- 
more, ’Washington University School of Medicine, 
St. Louis. 

30. "A Fly-Borne Epidemic of Bacillary Dysen- 
tery in Bivouac Areas of an Army Camp”, A. 
Packchanian, Captain, USA, Rhodes General 
Hospital, Utica. 

31. "Blindness, Frequent in Lepers, is Alwa 3 ^ 
Due to Neglect", W. H. Hoffman, Finia 3 ^ Institute, 
Havana. 

32. "Leptospirosis in New Orleans”, Harry 
Senekjie, Tulane Universit 3 " School of jMedicine, 
New Orleans, 

33. "Tr 3 ^anosomiasis in Liberis", Everett P. 
Veatch, Pasadena. 

34. "Protective Value of Intradermal Inocula- 
tion of Spotted Fever Virus and Homologous Im- 
mune Serum”, Ludwick Anigstein, ’Madero N. 
Bader, Dorothea Naubauer and Gerald Young, 
University of Texas Medical Branch, Galveston, 

Joint Session wtth the National ^Ialaria 
SOCIETV 

November JSy 1943, 2:00 pjn* 

General J. S. Simmons, President of the National 
Malaria Society and Doctor N. Paul Hudson, 
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President of the American Society of Tropical 
Medicine, presided at this meeting. The program 
follows: 

Symposium on National Program for the Control 
of Malaria 

35. Address of President of National Malaria 
Society: ^‘American Mobilization to Combat War- 
Time Hazards of Malaria’^, James S. Simmons, 
Brigadier General, MC, USA, Director, Division 
Preventive Medicine, Office of the Surgeon Gen- 
eral, Washington. 

36. “The Malaria Control Program of the 
Army”, 0. R. McCoy, Major, MC, USA, Office of 
the Surgeon General, Washington. 

37. “The Malaria Control Program of the 
Navy”, Omar J. Brown, Commander, (MC) USN. 
In Charge Section on Tropical Medicine, Division 
of Preventive Medicine, Bureau of Medicine and 
Surgery, Navy Department, Washington. 

38. “The Malaria Control Program of the U. S. 
Public Health Service among Civilians in Extra- 
Military Areas”, (Mr.) Stanley B. Freeborn, 
Senior Surgeon (R), U. S. Public Health Servdee, 
Malaria Control in War Areas, Atlanta, 

39. ‘‘Malaria Control Activities of the Pan 
American Sanitary Bureau”, Hugh S. Camming, 
Director, Pan American Sanitary Bureau, Wash- 
ington. Discussed by Doctor Moll. 

40. “Malaria Control Activities of the Institute 
of Inter-American Affairs”, G. C. Dunham, 
Brigadier General, MC, USA, Director, Division 
of Health and Sanitation, Institute of Inter- 
American Affairs, Washington. 

41 . “Facilities for the Training of Llalariologists 
in Military and Civil Institutions”, Henry E. 
Mclcncy, Professor of Preventive Medicine, New 
York University College of Medicine, New York. 

42. “The Contributions of the Bureau of Ento- 
mology and Plant Quarantine to the National 
Program for the Control of Malaria”, (Mr.) F. C. 
Bishopp, Assistant Chief, Bureau of Enlomolog>^ 
and Plant Quarantine, Washington. 

43. George R. Carden, Jr., Division of Medical 
Sciences, National Research Council, Washington, 
D. C* (title of paper not at present available). 

44. “A Proposed Plan to Prevent the Spread of 
Malaria in the United Slates from Infected 
Individuals Returned from Abroad”, W. .A. Saw- 


yer, Director, International Health Division, 
Rockefeller Foundation, New York. 

45. “A Program for Eradication of Alalaria in 
the United States”, J. W. Mountin, Assistant 
Surgeon General, States Relation Division, U. S. 
Public Health Service, Washington. 

Other Events 

1. The annual luncheon of the Society was held 
Wednesday, November 17, 1943, at 12:30 p.m. 
The President of the Society, Doctor N. Paul 
Hudson, Ohio State University, Columbus, Ohio, 
who was introduced by the President-Elect, Doc- 
tor W, A. Sa'wycr, presented as his presidential 
address: “A Broader Perspective for Bacteriology”. 

At the conclusion of his address he read the 
names of the former presidents and introduced 
those attending in commemoration of the Fortieth 
Anniversary of the Society, In addition, a silver 
vase was presented to Colonel Charles F, Craig by 
the Society for his untiring efforts in all phases of 
the work of the Society as well as Editor of The 
Journal. 

Doctor E. C. Faust, Tulanc University School 
of Medicine, New Orleans, presented a paper en- 
titled “The American Society of Tropical Medi- 
cine: A Biographical Sketch of the First Forty 
Years”. 

2. Well attended hospitality group sessions were 
held on November 16 and 17 at 4:30 p.m. At the 
first session, Lieutenant Colonel Thomas T. Mackic 
spoke on reciprocal inter-Amcrican relationships, 
and at the second Doctor E. Harold Hinman 
presented the work of the Department of Inter- 
Amcrican Affairs in Latin America, wnth special 
reference to El Salvador. 

3. The American Academy of Tropical Medicine 
held its tenth annual dinner at 7:00 p.m., Wed- 
nesday, November 17, to which all members of the 
Society were invited. Lieutenant Colonel Thomas 
T. Mackic of Washington, D. C., was toastmaster. 

Doctor Lewis HackcU, Buenos Aires, 
Argentina, presented as his presidential address 
“The South American Scene”. 

Doctor Herbert C. Clark presented the Thcobold 
Smith gold medal of the George Washington 
University School of Medicine to Colonel Charles 
F. Craig, San Antonio, Texas. 
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AWARD OF TliE RICHARD PEARSON STRONG MEDAL FOR OUTSTANDING 
ACHIEVEMENT IN THE FIELD OF TROPICAL MEDICINE 


The American Foundation for Tropical Medi- 
cine, Inc., announces the establishment of an 
award for outstanding achievement in the held of 
tropical medicine to be awarded periodically as 
circumstances determine. This award is to be 
known as the Richard Pearson Strong Medal and 
will consist of a paladium medal together with a 
cash honorarium of five hundred dollars, the gift 
of the Winthrop Chemical Company to the Found- 
ation. 

TJic first award was made at the annual meeting 
of tlic Foundation, on Fcbniar)'' 28th, 1944, to 
Colonel Richard Pearson Strong, Medical Corps, 
Army of the United States, for whom tlie medal 
was named, by Rear Admiral E. R. Stitt, M.C., 
U. S. Navy, Retired, former Surgeon General of the 
United States Navy. It was most appropriate 
that the first award of this medal should have been 
made to Colonel Strong, in recognition of his 
pioneer work in tropical medicine and for whom 
the medal wtis named. The citation for the first 
award of the medal was as follows: 

The medal and award for distinguished achievement 
in tropical medicine has been established to honor out- 
standing contributors to this important field of the 
medical sciences. It is fitting that it should bear the 
profile and the name of a distinguished American physi- 
cian who has devoted his career to tins branch of medi- 
cine and wliosc name is known tliroughout the world. 
It is peculiarly appropriate that the first award should 
be made to him. 

A scientist, who since his appointment in 1899 as 
President of the first United Slates Arm}' Board for 
tlie Investigation of Tropical Diseases in tlie Philippine 
Islands, and subsequently as Director of the Philippine 
Government Biological Laboratory in Manila, has made 


fundamental contributions to scientific knowledge of 
many tropical diseases, including badliar}' and amebic 
dysentcr}'; cholera; bubonic and pneumonic plague; beri 
beri; yaws; tropical ulcer and tropical skin diseases; 
tiypanosomiasis; t\phus fever; filariasis; onchocerci- 
asis — the blinding filarial disease of Africa and Central 
America; and Oroya fever. 

Author of many important scientific articles and 
monographs dealing with tropical diseases and of the 
revised edition of the most distinguished American 
text on tropical medidne. 

Leader of sdentific expeditions to remote areas of the 
tropics of Africa and of the Amaxon Valley, to Central 
America and the valleys of the Andes. 

Samaritan, physician and leader of relief expeditions 
to the peoples of Manchuria stricken by a devastating 
epidemic of pneumonic plague, and later to Serbia which 
was in the throes of the great epidemic of typhus 
fever in 1915. 

Teacher and Professor of Tropical I^Icdidnc at the 
University of tlie Philippines from 1907 to 1913; 
Professor of Tropical Medicine at Har\'ard University 
from 1913 to 1938; and organizer of Uic first graduate 
School of Tropical Medidne in the Western Hemisphere. 

Past President of the American Society of Tropical 
ilcdidnc, American Academy of Tropical Medicine, 
the American Society of Parasitologists and the .Associa- 
tion of American Physicians. 

Eminent figure in military medidne; member of the 
Intcr-Alficd Sanitarj' Commission in the first World 
War; Consultant in Tropical Medidne to tlie Secretary 
of War; Director of the Course in Tropical Medicine 
at tlie Army Medical School; and member of the Medi- 
cal Corps of the United Stales Army in four wars; 
recipient of the Distinguished Service Medal in 1919 
for exceptionally meritorious and distinguished services, 
notably as President of the Board for the Investigation 
of Trench Fever— COLONEL RICHARD PEAR- 
SON STRONG. 
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THE AGE LE\T2L FOR THE PEAK OF ACQUIRED IMMUNITY TO MALARL\ 
AS REFLECTED BY LABOR FORCES' 

Herbert C. Clark 

From Ihc Gorgas Memorial Lahoraloryy Panamay R, dc P. 

Received for publication December 9, 1943 


Malariologists are inclined to some range of 
opinion as to when the peak of immunity is gained 
by people who spend their lives in regions where 
malaria has high endcmicity. Perhaps this is 
partly due to the fact that it is always more con- 
venient and time saving to survey the children who 
arc more apt to be present at home or in the 
schools. For many years I have personally been 
interested in tlic Ichor index of malaria and I think 
enough evidence has been assembled in some 
regions where I have had service to present it for 
analysis. It might be well to refer to a few of the 
records from well recognized authors from 1922 to 
1942 before presenting this experience. 

(1) Byam and Archibald {1922). Immunity to 
malaria, when it is present, is almost always a 
partial immunity acquired by frequent infection 
and reinfection repeated continuously over a num- 
ber of years. Children who survive to the age of 
three or four years will be found to have acquired 
a considerable degree of tolerance but parasites will 
continue to be found in tlieir blood. 

(2) Manson~Bahr (1929). It has been showm 
that the natives of malarious districts acquire their 
immunity from repeated and persbtent infection in 
childhood. In sucli places the blood of practically 
ever}' child up to 3 or 4 years of age contams 
malaria parasites. The proportion of infected 
children gradually becomes smaller with each 
additional year until adolescence is approadicd, 
when the blood becomes practically parasite-free 
and immunity is established. 

(3) Boydf ^fark P. (1930). Absolute immunity 
in malaria appears to be rare. There is abundant 
evidence to indicate that a relative immunity may 
be acquired. The resistance showm by natives or 
old residents of a highly endemic area \\*as first 
sho^^7l by Koch to be the result of infection, and 
associated with it. The acute infestation whidi 

* Read at the Tlurty-ninlli .‘Vnnual ^ feeling of the 
American Society of Tropical Medicine, Cincinnati, 
Ohio, November 16-lS, 1943. 


lasts through childhood to adolescence might be 
called the stage of vnninnc infestation. 

(4) Hackclt, L. W. (1937). Quotes Barber as 
having found 100 per cent of the children infected 
after their first year of life in Lagos and that young 
adults in their twenties complained from time to 
time of illness while those over 30 years showed 
little evidence of malaria. 

(5) Djapardze made a study of immunity in 
malaria based on mass observation conducted in 
the course of two years (1927-8) in the Black Sea 
Coast of Caucasus where the throe main species of 
parasites occur. In one district (Gal) no anti- 
malarial measures were in effect and the disease 
TOs h 3 q)erendcmic. Its course could be obser\'cd 
in the true form. This district was compared with 
the Gudaut district wliere malaria was char- 
acterized b}” epidemic outbreaks with a low general 
incidence. He found tliat the population of the 
hypcrendemic region, having been rcpcatcdlj’ 
exposed to seasonal infections in the course of 
4 to 5 months from 3 'ear to 3 'ear, had developed a 
relative immunity which was stricth* strain- 
specific. The parasite rate reached its maximum 
at the age of 5, after which it gradualh* decreased 
until by the age of 40 it was halv’cd. When both 
benign and malignant tertian malaria were present, 
the population acquired a more stable immunity 
against the former. The immune state of the adult 
population in the liNpercndcmic region was re- 
flected (1) in the absence of severe clinical forms 
of malaria and (2) in tlic presence of infected 
persons showing no S 3 '’mptoms at all. 

In 1922 I was advised to use the following age 
groups in malaria sur\'C 3 ’S of labor camps and rural 
communities: 0-4 3 *ears, home or domestic life; 
v^l4 3 'cars, sdiool period; 15-49 3 'cars, active 
business period of life; 50 3 ’cars and over, inactive 
life. 

It was believed that serious malaria control 
would only be necessary in the first tvro groups 
since acquired immunity would protect the others. 
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This made it appear that those of labor age would 
be easy to control in labor camps on the basis of 
making malaria a dispensary' disease. 

We all know that at about the age of puberty, 
if the child has lived in an endemic area, a re- 
spectable degree of tolerance has been gained but 
this is not very stable. As soon as these young 

TABLE I 

The consoUdaied annual records for ten years of persons 
loUh malaria by age groups 


Chagres River villages. Permanent and IMigrator}’^ 
inhabitants (6) 


AGE CROUPS 

DRUG CONTROt 

Number 

examined 

Number 

positive 

Per cent 
positive 

0~5 

1300 

352 

27.1 

5-10 

7S5 

350 

44.6 

10-20 

1330 

567 

42.6 

20-40 

1666 

452 

27.1 

4CH50 

788 

206 

26.1 

Over 60 

262 

61 

23.6 

Totals 

6,131 

1,988 

32.4 


TABLE II 

Rio Pescado control toimts. Chagres river-lake shore 


ACE GROUTS 

ORIGIU.'O. SURVEY 

VOtUNTARY USE OF 
QUININE, 12 CUMULATIVE 
MONTHLY SURVEYS 

•v 

Number 

Positive 

Per 

Number 

Positive 

Per 


cx> 

for 

cent 

ex- 

for 

cent 


amined 

malaria 

positive 

amined 

malaria 

Positive 

0-5 

34 

21 

61.7 

SO 

28 

56.0 

5-10 

30 

26 

86.6 

62 

34 

54,8 

10-20 

22 

16 

77,2 

59 

27 

45.7 

20-40 

25 

14 

56.2 

49 

15 

30.6 

40-60 

15 

6 

40.2 

29 

4 

13.8 

Over 60 

2 

1 

50.2 

3 

1 ' 

33.3 

Totals.... 

128 

84 

65.2 

252 

109 

43.2 


people enter an active life the fatigue, strain and 
exposure upset their relatively low degree of 
immunity. The actual peak of relative im- 
munity would appear to be more accurately 
measured by what happens to the adolescent after 
entrance into active business life. I will attempt 
to demonstrate this by our experience over many 
years with the Chagres River villages and with a 
negro labor force from Haiti. These people are 
strongly negroid in race and have spent their lives 


in imcontroUed endemic areas. The former group 
has been under antimalarial drug control following 
frequent blood film sur\^e 3 ^s for the last several 
years. These groups race and life-long expo- 
sure represent people of high tolerance. 

Table I shows in the annual cumulative records 
that there is a significant incidence of malaria in 
all age groups, even those above 60 years of age. 
The peak, however, is shoum in the groups of 5 to 
20 years. 

There is no evidence in Table II of a stable de- 
gree of immunity until somewhere between the 
20 and 30 years period. Some people never gain a 
sufficient degree to become parasite-free or 
symptom-free. 


TABLE ni 

Men and children in Haiii^ 1927 (7) 



NUMBER 

EXAMINED 

NUMBER 

POSITIVE 

PER 

CENT 

POsm\TE: 

Adults 

11,000 

1,102 

2585 

462 

^ 23.5 
41.9 

Children (2-12 yrs.) 



TABLE IV 
Degrees of infestation 



ADULTS 

CHILDREN 

Heav^'* infestations 

25.2 

11.9 

Medium infestations 

1 34.0 

44.4 

Light infestations 

40.8 

43.7 


In 1927 I had an opportunity to make a medical 
selection of laborers (7) in Haiti for use in the sugar 
plantations of northeastern Cuba. We were 
supplied with good technical assistance to do, 
among other things, a thick blood film survey for 
malaria. These negroes are as pure descendants 
of the African negro as can be found in the Carib- 
bean region and therefore could be expected to 
possess a significant degree of immunity. These 
men came from all of the civil districts of Haiti. 
They worked 6 months in the sugar cane harvest 
of Cuba and then returned to Haiti. No women or 
children were in the labor camps. However, in 
order to compare the children’s incidence of 
malaria with the young male labor force a repre- 
sentative number of diildren from all the civil 
districts were examined. Tables III and IV show 
the results of these blood film results. 
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•One year prior to these sur\’‘eys I was in Cuba at 
the end of crop which means that the Haitian labor 
force had been actively employed for 6 months in 
the field and living in camps. No antiraalarial 
measures were then in force other than hospital 
and dispensary attention. A similar blood film 
survey made near tlic end of crop revealed a 
parasite index of 66 per cent. A second survey 
was conducted on men found in ca1hp during 
working hours and a similar number of men busy 
cutting cane. The first group gave a rate of 88 
per cent and the second 12 per cent. This highly 
tolerant negro labor force did show a sufficient 
reaction to malaria, after a lifelong exposure to it, 
to decrease their labor efficiency. The hospitals 
received many of them and there were some deaths. 
However, they need but little lielp in addition to 
their relative degree of immunity to remain on 
duty. For 8 years these men never exceeded 
0.9 to 0.93 tons of cut cane per day, per man, per 
crop. Labor selection and a field program of 
malaria control during the next three years brought 
their efficicnc>^ up to 1.5 tons. A labor force that 
has grown up in a rural endemic region without 
medical or sanitary care is in no position to realize 
what good health means. The so called “camp 
loafers*' in the sugar cane fields no longer existed in 
a significant number after malaria control was well 
established. 

A few years after we started antimalarial drug 
control in the selected Chagres villages, the 
inhabitants were nearly always able to tell us 
whether we would find parasites in their blood 
films. 

The peak of relative immunity, 12 to 15 years, 
that is usually recorded is probably correct for 
inactive people who have si>cnt their lives in an 
endemic region but from the viewpoint of an 
efficient labor force the period from 15 to 30 years 
requires almost as mudi attention as the period 
under 15 years. There is no such thing as absolute 


immunity to malaria for the general run of people 
regardless of race and a long life in malarious 
regions. Fatigue, exposure, underfed people, 
introduction. of new' strains, etc. can break any 
degree of tolerance and the level of labor efficiency 
w'ill drop to an important degree. 

Non-immunes w’ho enter and remain in such 
endemic regions wall, in most instances, require a 
ver>’ long period of time to acquire a respectable 
degree of immunity. This will become better 
recognized by us w'hen our young men return 
after the w'ar. 
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Although the cinchona alkaloids have been ad- 
ministered for many years as a specific for malaria, 
no clear understanding has been achieved as to 
how they accomplish their therapeutic effect. 
The weight of available evidence indicates that 
these alkaloids, like various other chemotherapeu- 
tic compounds, act directly on the parasite (8, 22, 
23, 24). Since such action involves an inhibition 
of those enzyme reactions essential to the repro- 
duction^ or \dability of the organism, a chemical 
combination between the drug and some protoplas- 
mic constituent of the pathogen is essential in 
these reactions. 

Recent advances in the theory of enzyme in- • 
hibitions and the control of biological reaction rates 
have made it possible to interpret \Yith some pre- 


emitting oxidative enzyme system of luminous 
bacteria is particularly well suited for this purpose 
since previous studies with it have provided a 
satisfactory" theoretical basis for the action of 
t>T)ical inhibitors, such as sulfanilamide and 
urethane. 

The luminescent reaction consists of a specific 
oxidation — in the presence of molecular ox>"gcn — 
of 'a substrate, lucifcrin, by an enzyme, lucif erase. 
Part of the energy of the reaction is consumed in 
an excitation of the enzyme molecule, whidi then 
radiates on returning to the normal state (9, 10, 1 1, 
12, 13), The cycle of excitation and radiation of 
the luciferasc molecule as it catalyzes the oxida- 
tion of the substrate may be represented sche- 
matically as follow's: 


LH2 + 





{Quantum of Light) 

i 

Lj 4- H^O 


Lucifenn Oxygen Normal Excited Oxidized Water 

Luciferase Luciferase Lucifenn 


cision the effects of a given drug, or mixtures of 
drugs, upon a given enzymic sy^stem, in relation to 
concentmtion, to temperature, and to hydrostatic 
pressure; thus revealing the fundamental mecha- 
nism of action (2, 7, 16, 17, IS, 19, 20), The pur- 
i>osc of the present investigation has been to ex- 
tend this ty"pe of analysis to include the inhibition 
of bacterial luminescence by quinine. The light- 

*This invcsUgalion was carried on in conjunction 
with a project at New York University concerning die 
action of the cinchona alkaloids, directed by Dr. Dugald 
Brown and aided by a grant from tl\c Cinchona Prod- 
ucts Institute Inc. 


where is the rate constant of the reaction, the 
prime (') denotes an excited molecule, and the 
other synnbols for substrate, etc., arc as indicated. 
A more precise formukition involving certain in- 
termediate stages has been specified (21). As 
indicated by the diagram, the intensity" of the light 
is directly related to the over-all velocity of the 
reaction. Since it lias been shown tliat the slow- 
est, or ixicc-sctting, reaction of the intermediate 
stages is the combination bctw'ccn ludferin and 
luciferase (4), the velocity" (/) of the reaction, i.c., 
lumincsamce intensity, is given by the follow'ing 
equation (7): 

7 == f’i^2(LI7s)(.-ln) 
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Here b is merely a proportionality constant, k 2 
is again the rate constant, while and (An) 
represent the concentration of substrate and active 
enzyme, respectively. As noted above, the sym- 
bol (I) may therefore stand for either reaction 
velocity or luminescence intensity. Since lumines- 
cence may be easily and accurately measured, an 
instantaneous index to reaction velocity is readily 
obtained. It is because of this fact that bacterial 
luminescence provides such an eficient and 
uniquely advantageous system for the investiga- 
tion of quinine inhibitions. 

Considering the factors in Equation (2) which 
may influence the velocity of the reaction, it is 
obvious that, if the concentration of the reactants 
remains constant, kz will determine the reaction 
velodty. It has been shown that ^2 varies with 
temperature and pressure in accordance with the 
theory of absolute reaction rates (2, 5, 6, 7, 28). 
Among the reactants the concentration of active 
enzyme An is of prime significance since, under the 
experimental conditions, the other reactants may 
be considered constant. Under any conditions 
the amount of An is governed by two fundamental 
influences. The first of these is an equilibrium 
“ivhich normally exists betw^een the native, active 
form of the enz 3 une and a denatured, inactive form 
(i4d) of the enzyme (2, 16), The second important 
factor controlling the amount of consists in 
various substances, whether normal metabolic 
products or added chemical compounds, w^hich 
combine with the enzyme. The latter category 
includes drugs, such as sulfanilamide and urethane, 
whose action can be analyzed satisfactorily only 
with due regard to the reversible denaturation 
equilibrium (7, 17, 18, 20). 

Diagrammatically, the equilibrium between 
native and denatured enzyme may be expressed: 


Heat 



Cool or 
Compress 


in which Ad represents the reversibly denatured 
form of the enzyme and Ki the equilibrium con- 
stant. In luminescence, the equilibrium Ki is 
affected by temperature in the same manner as in 
certain preparations of cr 3 ^stalline enzymes which 
undergo a reversible temperature inactivation 
characterized by a high temperature coefBcient, 
upwards of 70,000 calories. The high tempera- 


ture coefflcient for the equilibrium Ki is responsible 
for the rapid reduction in luminescence at the high 
temperatures. The optimum temperature occurs 
at that point w^here the influence of iCi, governing 
the amount of enzyme, is just balanced by 
which is controlling tlie rate of the reaction. 

The shift in equilibrium from An to Ad is also 
accompanied by a large change in volume (amount- 
ing to some 116 cc. per gram molecule) (2) re- 
sembling the volume changes of myosin sol-gel 
equilibria (3) and certain phj^siological processes 
(25). As a consequence, the equilibrium is ex- 
tremely sensitive to hydrostatic pressure. Thus, 
at above-optimum temperatures where the value of 
the equilibrium constant Ki is large, the velocit}^ 
of the light-emitting reaction is greatly reduced 
because of the shift of equilibrium in favor of Ad^ 
Compression will counteract the volume increase 
involved in this change and shift the equilibrium 
back in favor of An- 

With regard to the action of drugs, the equilib- 
rium Ki is of key significance. For it follows 
from the diagram (3) above, and it has been 
shown with various reversible inhibitions, that 
two distinct types of combinations with the en-. 
zyme are possible, either of which may reduce the 
amount of active catalyst and thereby inhibit the 
reaction (20, 26). The type differs according to 
whether the equilibrium established is independent 
of the denaturation equilibrium Ki (Type I) or is 
directly related to it (Type II}. In Type I, the 
drug or inhibitor combines equally with An and 
Ad at chemical bonds not involved in the rever- 
sible denaturation, much as if the combination took 
place with, or in place of, a prosthetic group. 
Diagrammaticali}^ this type may be represented 
as follow’s, in w^hich X represents a given concen- 
tration of the inhibitor, r the number of molecules 
of X combining with each enzyme molecule, and 
X 2 the equilibrium constant for the enzyme-in- 
hibitor combination: 


rX + An Ad + 



AnXf AdXj’ 


In contrast to the above, if a substance in con- 
centration (U) combines in an equilibrium (X 3 ) 
with the enzyme at bonds made available in its 
thermal denaturation, it will promote the reversible 
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temperature inactivation. In this event, the in- 
hibitor-enzyme equilibrium, Kz, will be pro- 
foundly influenced by the value of Ki, Diagram- 
matically, we may represent this type (II), in 
which s represents the number of inhibitor mole- 
cules combining with each enzyme molecule, as 
follows: 

Ki 

sU + An - Ad + sU 

y/ (5) 

A-i/caW yykz 

\\/V 

A -Us 

Alcohols, urethane, and other protein-denaturing 
substances illustrate Type II in the luminescent 
system, whereas sulfanilamide illustrates T3^pe I. 

In order to distinguish between Type I and Type 
II, it is necessary to analyze the temperature and 
pressure relations. Although the concentration 
of the drug is an important variable, the analysis 
with respect to concentration is the same for both 
types and reveals simply the ratio of combining 
molecules, r or .s respectively. Temperature, 
however, will in general influence the inhibition 
caused by the two t>’pes in a somewhat different 
manner. Thus, in T^pe I, the inhibition is likely 
to decrease as the temperature is raised, for the 
enzyme-inhibitor complex becomes dissociated. 
The optimum, or maximum, shifts to slightly 
higher temperatures. In Type II, on the other 
hand, although a rise in temperature will again 
tend to dissociate the enzyme-inhibitor complex, 
the increased temperature will be even more effec- 
tive in making available the diemical bonds with 
which the inhibitor unites. The net result in this 
ease will be an increase in inhibition as the tem- 
perature is raised, and a shift in the optimum, or 
maximum velocity, to -lower tempemturcs. Fur- 
thermore, unlike the first tj’pe, T\Tpc II inhibition 
might be expected to be ver>' noticeably sensitive 
to hydrostatic pressure because of its relation to 
Ki, involving large volume diangcs. 

With the general basis set forth above, we may 
now undcrbike to analyze the action of quinine 
in inhibiting the luminescent s\'stcm. The full 
anah-sis will clearly entail experiments to deter- 
mine the reversibility of the effect, and the rela- 
tion of drug concentration, of temperature, and of 
pressure to the amount of inhibition. 

i!i:Tnon 

The c.xpcrimcnts described in this report deal 
with the action of quinine on the metabolism of 


cssentiall}' non-proliferating bacteria. Since de- 
tailed descriptions of methods and apparatus have 
already been given in the papers cited, a few gen- 
eral remarks should suffice here. The organisms 
were cultivated on the surface of 3% NaCI nutrient 
agar, containing 1% glycerol and 0.2 to 0.5% 
CaCOs, at their optimum temperature: 17®C. 
for Photohactcruim phosphoratrn and 25®C. for 
Achrovwbacicr fischcri. These species have been 
studied most intensively and arc more con- 
venient from an experimental point of view than 
organisms uith optimum temperatures of 37°. 
The cells of young, brightly luminous cultures 
were emulsified in a phosphate-buffered salt solu- 
tion consisting of equal parts of 3% NaCl and M/4 
sodium phosphate buffer, pH 7.3, which we have 
referred to as “PN” for short. The suspension 
was aerated with a stream of air, and then added 
to the desired concentrations of quinine dissolved 
in “PN”. The suspension was placed in a water 
bath at constant temperature, and the intensity 
of luminescence was measured b}’' a photoelectric 
cell and DC amplifier, modified from the s>^stcm 
described by Shapiro (1934). In the c.xpcrimcnts 
with hydrostatic pressure, the cell suspension vras 
added to various quinine concentrations and in- 
troduced into a specially constructed gold plated, 
high tensile bronze bomb with a hcrculitc window, 
and luminescence was measured at various pres- 
sures applied from a hydraulic pump. The bomb 
was maintained at a constant temperature in a 
w'atcr bath. A modified Leeds and Northrup 
MacBeth illuminomctcr was used in the pressure 
studies instead of the photo cell. 

RESULTS OF EXPERIMENTS 

a. Relation of the quinine inhibition to time; to cell 
concentration; and ra'crsibility of the 
inhibition 

When quinine is added to the bacterial suspen- 
sion, luminescence immediately decreases to a 
lower intensity, which, under favorable conditions 
of temperature and adequate substrate, then re- 
mains constant for a considerable period of time, 
30 to 45 minutes. The control, without quinine, 
likewise remains constant, thus enabling accurate 
comparisons of the two to be made. The fact 
tliat this inhibition docs not result from killing of 
some of the cells or other form of irreparable dam- 
age may be clearly sho^\m by centrifuging the 
organisms and resuspending them in a fresh salt 
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solution v.*ithout quinine. In tliii; event, the 
intensity of luminescence is almost completely 
restored to llie value existini; before the inhibitor 


hihitory properties, showing that no considerable 
amount of the inhibitor is removed by combining 
irreversibly witli cell constituents. Moreover, as 


TABLE I 


Rr:<Tzibiliiy of the quinine inhibition of Iwninesccyicc 


Tirrr 

UN 

1 

Oi7lNi?.'r 

0.0ni5 M 
js‘ UN 

inc-Tr,t!iA 
pv'.nnijr,:) 
VA VS 

1 

IN-TTJiPtTY 

or tvuj. 

KYiCJ 1 

1 

rjrocrjjusi: 

or tvin- 

^;r.sa::ia: 

rr.t CEKT 
lUltlOlTlOU 



1 

2 

ec. 

5 

: 

5 

f(. 1 

5 

5 

8.2 
*1,0 1 

Centrifuge; resuspend cells in quinine- 
free PN solution 

1 i 

8,3 

7.9 

i 

50 

4 

n 

5 ! 

i 

5 

8.1 

Dilute ^vilh 10 cc. quinine-free PX, mix, ! 

4.2 

48 

14 

U 


5 

] 

5* 

4.2 1 

then discard 10 cc. j 

3.6 



5 



^ 5 

! 

Add 5 cc, supernatant fluid decanted 

8.6 




t - - 

i 


1 

from tube 1 



i 

6 

1 

1 

1 

5 

1 

Add 5 cc. supernatant fluid decanted 

6.3 


27 


! 

1 


i 

from lube 2 





TABLE II 


Relalion of the per cent inhibition of luminescence by 0.00075 M quinine to cell concentration 


icnr. 

i 

i 

SAIT 

SOLtTION' UN 

0.OQ15 M 

QUlSlNi: 

IN- UN 

itrLATtvr. crti. 

cose, nv 
nn.vTios or 
sesiTssros or 

ItACn-RIA 

LCjiiNTfarscr, iNTrssm’ 

rrs CTNT 

XKIIIBITIOS 

RepMted rcadiiiRs 

Avckirc 

1 

CC. 

cc. 







1 

5 


1.0 

s.s 

S.9 

9.0 

8.9 

66 

2 

1 

1 

5 

1.0 

2.9 

2.9 

3.1 

2.9 


3 

5 i 


0.8 

8.6 

8.2 

8.3 

S.4 

62 

4 

1 

i 

S i 

0.8 

3.3 

3.0 

3,2 

3.2 


5 

5 i 


wKom 

6.0 

5.4 

5,4 

5.6 

55 

6 


5 

■■ 

2.5 

1 

2.3 

2.8 

2.5 : 


7 

5 i 

i 

0.4 

■a 

4.2 ! 

3.8 

Ira 

63 

1 

8 

1 

5 I 

0.4 

■a 

1.5 

1,4 

wm 


9 1 

5 



' 1.9 

1,9 

1.9 

1 1.9 

5S 

10 ! 


5 

■■ 

1.0 

i 0,7 

1 . . 

0.8 

i 0.8 

i, 


11 

5 


1 

0.1 

• 

0.9 

1.0 

1 1.0 

1.0 

50 

12 


5 

I 

! o.i 

0.5 

0.5 

0.5 

0.5 


13 

5 

1 


■a 

0.7 

0.7 

■a 

57 

14 

1 

i 5 

■■ 

la 

0.3 

0.4 

■a 



was added. Similarly, the per cent inhibition is 
readily decreased simply by dilution. The super- 
natant fluid, after the removal of the cells from the 
quinine solution by centrifuging, retains its in- 


would be expected, the inhibition caused by a 
given concentration is practically independent of 
cell concentration. These facts are demonstrated 
by the data in Tables I and II. They indicate 
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that the inhibitor}" action of quinine on lumines- 
cence, like that of urethane, sulfanilamide, al- 
cohols, and other drugs recently studied, involves 
a reversible combination, or equilibrium, between 
the drug and one or more catalytic systems in- 
volved in the light-emitting reaction. The theory 
developed for the inhibitions studied earlier, there- 
fore, applies in this case also, and provides a basis 
for further analysis. 


trations of the drug, possibl}" through a mechanism 
similar to that discussed earlier (18), In general, 
however, the lines in concentration plots have 
been suihciently straight to make possible an es- 
timation of the ratio of molecules in the quininc- 
enz>Tne combination. In figure 1, the slope, and 
hence this ratio, is approximately 1.3. In re- 
peated experiments the slope varied between 1 and 
1.5. 


b. Relation of (he inhibition to concentration of 
quinine 

The analysis , proceeds as follows. Omitting 
the derivations which have already been set forth 
at length in earlier publications (20), we arrive at 
the following equations, in which h represents the 
luminescent intensity or velocity of the enzyme 
reaction in the control, Js the intensity or velocity 
in the presence of added inhibitor, and the other 
symbols — A", H, r, 5, iv 2 , and Kz — have the same 
meaning as before: 

For Type I 

(I - l) - K,X- (6) 

For Type II 


From these equations it is apparent that, if the 
temperature and pressure remain constant, the 
\*alucs of K\y Kzy and Kz will remain constant. 
If the concentration of A'* or U is varied, however, 


8 -) 


a straight line should result when the log, 

is plotted against the logarithm of molar concen- 
trations of drug. The slope of this line gives the 
value of r or Sy without distinguishing w'hich, and 
represents the ratio of drug to enzyme molecules 
in that equilibrium combination. If tl\c line is 
not straight, it indicates that the drug combines 
wdtli more than one substance (IS). 

The relation between quinine concentration and 
the amount of inhibition of luminescence for P. 
phosphorcum at three temperatures is shown in 
figure 1. At the optimum temperature (22®C.) 
the line apj>cars to be slightly cur\*cd, indicating 
that the drug combines at more than one site. 
In repeated experiments, sudi a dejnrturc from a 
straight line relation occurreil to diilercnt extents, 
and in some cases an actual stimulation of lu- 
minescence was ob?cr\*cd Nvith vcr>* low* concen- 



X .0015 MOLAR 

Fig, 1. Relation’ betwxen* Concen’tration or 
Quinine and iNmBixiON or LuiUNESCENCE in 
P. rnosrnoREUM at 16°, 22°, and 28°C., Respec- 
tiaxly, Plotted on a Log-Log Sg\le in Accord- 
ance WTTH TZTE MeTNOD OF AN/U-YSIS RErERIUTD 
TO IN THE Text 

c. Relation of the inhibition to temperature and 
pressure 

With regard to quinine, figure 2 shows the rela- 
tion between luminescence intensity and tempera- 
ture for corresponding suspensions of cells without 
added inhibitors, and w’ith two concentrations of 
quinine, 0.0003 and 0.0006 M, respectively, 
A slight increase in sensitivity to tlic inhibitor is 
apparent as a result of prolonged aeration of the 
suspension before adding the drug. In general, 
the inhibition increases with a rise in temperature, 
and the normal optimum becomes increasingly 
shifted to low’cr temperatures with increasing con- 
centrations of the dnjg. These relations strongly 
suggest that quinine acts as a T^-pc II inhilntor. 
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In figure 3 the results are sho^^^l for two different 
species vdth different normal temperature optima. 
This figure illustrates several points of fundamental 
significance. In the first place, the general re- 
lationship of the inhibition to temperature, \sdth 
strict reference to the normal temperature curve 
of the species rather than tlie absolute temperature 
concerned, is the same in both. Thus, a given 


effectiveness may be accounted for, in the fust 
instance, on the basis of the difference in the nor- 
mal temperature-intensity relation of a given proc- 
ess in two different species. Thus, a 35% inhibi- 
tion of luminescence in P. phosphorcum occurs at 
15°C. In A. fischcri, the same concentration, 
although giving rise to only a 22% i 
15°C,, will cause a 35% inhibition if t 



Fig. 2. Relation bettoen Temperature and Intensity of Luminescence of P. phosphoreum 

MTTH AND UTTHOUT AdDED QuININE 

Luminescence expressed in arbitrarj^ units, with the maximum, for the control taken at 100. Long 
of the cells in buffered salt solution caused a slightl}" greater sensitivity to 0.0003 ]M quinine\ 
triangles represent measurements about two hours later tlian tliosc shown by solid triangles, ^ote the increase 
in inhibition with rise in temperature. 


concentration of quinine, such as .00038 hi, acting 
upon P. phosphorcum causes an inhibition that 
varies from approximately 35% at 15°, to 65% — 
or nearly double — at 25°C. At 30°, the inhibition 
increases to 76%. With a different species, A> 
Jischcriy which has a higher optimum temperature, 
the same concentration of quinine causes less in- 
hibition at the same temperatures: 22% at 15°, 
32% at 25°, and 35% at 30°. The difference in 


ture is raised to 30°C. At an}^ one temperature, 
and with either organism, of course, the inhibition 
may be increased by increasing the concentration 
of quinine, in the manner illustrated in figure 1. 

The influence of temperature on the degree of 
inhibition at any given concentration of quinine 
depends upon whether the drug is acting as a Typ^ 
I or Type II inhibitor. Provided that the action 
is on a single S3"stem in the manner specified in 
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Equations (6) and (7), the above data yield the heat of reaction (AZ7i) or temperature coefficient, 
values of Ki and Kz necessary to distinguish which amounting to uprards of 70,000 calorics. (At 
type of action is represented. In proceeding with ordinar}' pressures Ai/ is indistinguishable from the 
the analysis, it may be recognized that the cquilib- familiar p). The values of either Ki, ivn, or Kz 
rium constant Ki, ivj, or Kz may be defined thcr- in Equations (6) and (7) may be expressed in terms 
modynamically, as usual, using the subscripts to of the equivalents given in Equation (8). 



Fig. 3. Intensity of Luminesckxce of Two Species of Bacteria ik Relation* to TEMpERATtno: 

AXD Quimxe 


denote which of tlic three equilibria is concerned 
in a given case (c.g., Ki): 

AFi A III 

nr nr 'n nr '^nr IT 

Ki — c — c c = c c c (8) 

in which AF is the free cncrg\" change, A// is the 
heat of reaction, AE is the energy of reaction, Al^^ 
is the volume change of reaction, and AS is the 
entropy of reaction; with R the gas constant and T 
the absolute temperature. The \*aluc of A'], 
needed in Equation (6), may be obtainexl from the 
nonnal air\*c rchling velocity or intensity to 
temperature. In the cases studied, this has a high 


From the iK>int of view of analysis, this means 
that, for T\pc I, if the logarithm of 

a given concentration of inhibitor comjwrcd with 
the control, is plotted against the reciprocal of the 
absolute tcmiKiature, the slope of the line gives 
the \*alue of A/7;, and the intcra'pt gives the en- 
tropy, AS;. If the line is not straicht, it means 
that the drug either inhibits more than one abac- 
tion, inhibits the obscn’cti a‘action indirectly, or 
docs not conform to T>7>c I, Conformity to 
Type 11 is tested by jdotting the logarithm of 
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(s"’)(' + e) 


against — . The slope of 


the line gives the value of AH 3 , and the intercept 
the entropy, AS 3 . 

Although anticipating the results of compres- 
sion, it may be pointed out that the volume change, 
AF 3 , may be obtained as a first approximation 
from the slope of the line, which may or may not 


be straight, when the logarithm of 



ted against pressure. For Type II inhibitors, the 

should be plotted 


log. 


against pressure, but the values of Ki in this case 
nvolve laborious calculations. 



Fig, 4. Analysis or the Data in Fig. 3, According 
TO THE FORilULATTONS EOR TyPE I AND TyPE II 
Inhibitors, Respectively 


In figure 4 are presented the data for P. phos- 
phoretim^ as given in figure 3, anaty^ed both as a 
Type I and a Type II inhibitor. It is evident 
that the effect of quinine is somewhat more com- 
plicated than that of sulfanilamide or urethane, 
whose analysis^ according to the appropriate Type, 
yields in each case a straight line over a wide range 
of temperatures (18, 20). That a direct action of 
quinine on the luminescent enz 3 une system occurs 
is shown by the inhibition of luminescence in crude 
extracts of Cypndim. In bacteria, possibly an 
antecedent reaction is also affected. In Fig. 4 the 
results are more in accord with expectations for a 
Type II than a Type I inhibition, and on this basis 
the departure from a straight dine relation at above- 
optimum temperatures might be interpreted cither 
as a partial destruction of the reversibly inhibited 
enzyme of the luminescent system, or as an addi- 
tional inhibition of an antecedent reaction. The 


available data and formulations are not sufficient 
for final analj'sis at present. Further evidence, 
however, concerning its mode'of action, isprovided 
by data on pressure effects and mixtures with other 
inhibitors, as set forth in the following para- 
graphs. 


d. Fressi^re Q7id Ininhicscencc 

The influence of pressure at different tempera- 
tures on the observed intensity of luminescence, 
both without added inhibitor and in the presence 
of 0.00038 M quinine, is shown in figure 5. At 
each temperature, the control — ^without quinine 
and at normal pressure — ^has been arbitrarily taken 
as 100 , in order to show more clearly the per cent 
differences. The change in pressure effect at dif- 
ferent temperatures, both with respect to the con- 
trol and the quinme-inhibited suspensions, is 
strikingly apparent, IVhen these data are ana- 
lyzed according to the formulations referred to 
above, the series of practically parallel and straight 
lines shown in figure 6 results. The slope of these 
lines indicates that the net volume change in the 
combination of quinine and en 23 ine is relatively 
large, amounting to about 20 cc. per gram mole- 
cule, This value must be considered as only a 
first approximation, however, because more than 
one system contributing to luminescence is prob- 
ably affected. Furthermore, as indicated above, 
if the quinine acts as a Type II inhibitor in all 
cases, the value of iTi should be taken into account 
in calculating the volume change under a given set 
of conditions. 

In figure 7 the effects of pressure, at a constant 
temperature near the optimum, are analyzed for 
various concentrations of quinine. The slopes of 
the lines again indicate a volume change of about 
the same amount, varying some\vhat with concen- 
tration and pressure. The changes in slope evi- 
dent in figure 7 , both with concentration and with 
pressure, might reasonably be expected in view of 
the considerations already expressed. Quantita- 
tive predictions regarding these slopes on purely 
theoretical grounds are not possible. 

The significance of the pressure data rests largely 
in two facts: first, that a more complete physico- 
chemical interpretation concerning the fundamen- 
tal nature of the quinine inhibition is proioded, 
second, that the action of quinine in luminescence 
is shown to resemble that of various Typo H in- 
hibitors which act by promoting the reversible 
denaturation of the protein in the enzyme pritna- 
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rily aflccted. Thus, although the temperature hols (Tj-pc II), would evidence a wide degree of 
studies re\’'calcd a complcxit}*' of action that can- both synergism and antagonism, depending on 
not be anal 3 ’'zed in the manner of a simple T>T)e I temperature, relative concentrations, and the 
or Type II inhibitor acting only on the light- typQs of drugs mixed. T 3 T)e I and Typ^ 11 in- 
emitting system directly, the pressure studies, as hibitors might be expected to combine with each 
well as other considerations, make it clear that, in other as well as with the enzyme^ possibly by hy- 





PRESSURC m POUNDS PER SQUARE INCH 

Fjg. 5. IsxnKsiTV of LuMiNiisccKa: ik P. rnosrnoRKuM an’i> wrrnouT Quin'int, ik Jli:u\nQs to 
Hydrostatic PiuissmiE, at DirrcRUXT Tempi: raturts 
In each case, the control at normal pressure has been arbitrarily taken as 100, and all intensities calculate^! 
on this basis. 


gcncml, quinine acts on this process ven* much in 
the manner of a T\pc JI inhibitor. 

r. Mixtures cj quUixv.c with other iuhibUors 

From the previous studies (IS) it would be pre- 
dicted that mixtures of quinine with other in- 
hibitors, such as sulfanilamide (T^k? J) or alco- 


drogen bonds. The cfiectivc inhibitory' conam- 
tration is thus reduo^d, with the result that a 
greater or less antagonistic action is noted accord- 
ing to the value of tlie equilibrium constants con- 
cerned. On the other hand, two inliibitoir of the 
same type may be expected to show mostly s>mcr- 
g'lstic cfTocts with a v.*ide range of effective cx>n- 
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Fig. 6. Analysis of the Data Given in Fig. 5 
According to the Formulations Referred to 
IN THE Text for Estimating the Molecular 
Volume Change in the Quinine-Enzyme Equi- 
librium 



PRESSURE IN POUNDS PER SQUARE INCH 
Fig. 7. Relation BET^^^EN Inhibition of Lumi- 
nescence OF P. PHOSPHOREUM AND CONCENTR\TIOK 
OF Quinine at 20,1®C., and Different Hydrostatic 
Pressures 



CONC. QUININE X jOOIS MOLAR 
CONC. SULF. alone X Ol •* 



Fig. S. The Inhibitjon of LuiHNEscENCE in P. 

PHOSPnOREmt BY SULFANILVMIDE /VlONE, QuININE 

Alone, and V.vrying Concentrations of Quinine 
vmn Different Constant Concentr^vtions of 
Sulfanilamide, RESPEcn\"ELY 
Log-log scale 


Fig. 9. The IxiunmoN of Lumi.vescence in P. 

PHOSPHOREUM BY SULFANTLAMIDE, QuiNTNE, 

TURKS OF Quinine and Constant 0.003 M Sui.F' 

ANILAXnDE, AND MIXTURES OF QuiSlSK MITII TWO 

Different Constant CoscestRjKTIOss or Butv'L 
Alcohol, RESPEcn\XLY 

Log-log scale 
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ccntrations. The theoretical basis for these effects 
has been set forth in detail with respect to sulfanil- 
amide plus alcohols, ether, urethane, chloroform, 
and acetone. The analysis has not been worked 
out in final, quantitative form in the present study. 

In regard to quinine, qualitative theoretical 
predictions have been realized, as shown in figures 
8 and 9. For example, in figure 8, with lumines- 
cence moderately inhibited by sulfanilamide, little 
or no increase in total inhibition occurs on adding 
quinine. With higher concentrations of sulfanil- 
amide causing greater initial effects on lumines- 
cence, the addition of small amounts of quinine 
actually causes a decrease in inhibition, i.e., antag- 
onizes the sulfanilamide action. Conversely, 
W’ith the low sulfanilamide concentrations, the 
effect of high quinine concentrations becomes less 
and the action of quinine may be considered antag- 
onized by sulfanilamide. Similar relations are 
apparent in figure 9, w^hidi show^s further that 
butyl alcohol inhibition may also be antagonized 
by quinine, and vice versa. The latter point is 
interesting, for by antagonizing both sulfanilamide 
and an alcohol, quinine to some extent displays 
the properties of both types of inhibitors — a 
possibility consistent wdth the temperature data 
given above. 

In all cases it is especially to be noted that the 
presence of a constant amount of one inhibitor 
profoundly alters the physiological effect of adding 
increasing concentrations of a second inhibitor. 
The departure from a straight line relation in the 

plot of log. against log. concentration of 

quinine added alone, as discussed earlier, may be 
due to equilibria established between the quinine 
and normal metabolites formed by the organisms 
themselves and already limiting tlie luminescent 
reaction. Apparent “stimulations’^ might easily 
arise in this manner, and it w'ould seem likely that 
mild stimulations of various processes by small 
concentrations of diverge poisons frequently in- 
volve such a medianism. It may be added that 
this phenomenon of loose combination, or complex 
formation between two physiologically active 
drugs, has been slunvn by alterations in solubilities 
to hake place independently of biological systems. 
It w‘ould, therefore, undoubtedly occur in tlic 
l>ody, although the complexity of higher animals 
with numerous compensating mechanisms might 
easily obscure tlic a^sulls that would be cxpccle<i 
for simple systems. 


DISCUSSION 

The results described in this investigation arc 
interesting primarily because they provide fairly 
complete data wdth regard to the fundamental 
action of quinine on a single ph 3 "siological process, 
luminescence, in living bacteria. Among the 
relations thus established, the follow’ing appear 
w'orthy of note. 

The observed quinine action is fundamen- 
tally similar to that of a large group of sub- 
stances that act to promote a reversible denatura- 
tion on the protein portion of cnz}Tncs. Since 
the equilibrium w'hich normall}' governs the re- 
versible denaturation is sensitive to heat and pres- 
sure, the degree of inhibition by certain drugs is 
also affected by heat and pressure. It is not sur- 
prising that the data indicate that quinine acts 
on more than one' stage in the reaction leading 
to luminescence. Such drugs might be expected 
to act on various enz^^mes, though obviously not 
equally, for the actual inhibition obtained wall 
depend to a considerable extent on the value of 
the normal reversible denaturation equilibrium, 
Ki, This equilibrium will differ intrinsicall>" 
among different proteins, and may also be in- 
fluenced b}’’ a number of environmental factors, 
such as heat, pressure, hydrogen ion concentration, 
ct cetera. From another point of view’, it may be 
said that the effect of quinine, under given condi- 
tions, w’iil depend on the optimum temperature of 
the process in. question. Except in so far as this 
drug behaves like a Tj’pe I, instead of the tj’pical 
Type II inhibitor, a rise in temperature w’ill accen- 
tuate its action. 

The temperature relation is of such fundamental 
importance that it perhaps justifies a speculation 
concerning the mechanism of quinine therapy. 
By analog>^ w’ith other chemotherapeutic com- 
pounds whose mode of action has been so ex- 
tensively investigated of late (8, 23, 24), as w’cll 
as some more direct evidence (14, 22), one might 
sup|x>sc that the success of the drug depends pri- 
marily on a direct effect on viabiliU’ or an in- 
hibition in the rate of reproduction of the parasite 
within the body of the host; thereby enabling the 
normal defense mechanisms of the latter to elimi- 
nate the in\*adcr. The effect in cither case — on 
immediate viability or on rate of reproduction — 
will be inevitabh’ related to the sj>cdfic optimum 
tcmiKHiUirc of the rate-controlling reaction, or 
reactions, affected. \Miilc the medical action of 
tlic drug must take place within the rather nnn\>w 
temperature limits imjKvsed by the host, i.c., ap- 
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proximatcly 37 and 42®C., a prion there is no 
reason to suppose that the optimum temperature 
for processes in the parasite affected by' the drug 
will coincide necessarily ^vith that of the host. 
If tlic optimum temperatures of such processes 
differ from those of tlie liost, a possible explanation 
for differences in the effectiveness of quinine for 
different types of malarial organisms is at once 
apparent, purely on the basis of relatively slight 
differences in optimum temperatures of the differ- 
ent parasitic species. Such differences, arising 
from both genetic and environmental causes, arc 
one of the most frequently encountered types of 
biological variation. 

On the basis of the same intcq)rctations, if the 
optimum temperatures of metabolic reactions in 
the host arc, in general, above the optimum for 
those in the parasite, a greater sensitivity of the 
latter to the drug would result, even if the quinine 
combined according to exactly the same equilib- 
rium constant {Kz) in aU cases. Seen in this light, 
fever or Type II compounds, such as alcohols, 
might be expected to increase the effectiveness of 
a given concentration of quinine, except in so far 
as the normal processes of the host are themselves 
made more susceptible to injur>' by the unfavor- 
able temperatures and additional drugs. The 
success of increased bodily temperature by dia- 
thermy in aiding the arsphenamide treatment of 
protozoan infections, such as syphilis, quite pos- 
sibly rests on the same rational principle. It 
suggests that application of such methods in other 
cases should be worth further investigation, par- 
ticularly if the type of drug action can be identi- 
fied as one which is accentuated by a rise in tem- 
perature. 

Finally, it should perhaps be emphasized that 
the ultimate elucidation of the specific quinine 
therapy in malaria must of necessity be con- 
sidered in terms of a chemical reaction. The 
specificity of its action is a quantitative problem, 
for the drug clearly enters into the formation of a 
number of compounds or complexes. The problem 
involves learning the comparative readiness, as 
well as types of substances, with which quinine 
combines. The theoretical formulations applied 
in tliis paper provide a reliable basis for the com- 
parison and analysis of specific reactions of quinine 
and other anti-malarials. 

SUMMARY 

The intensity of luminescence in non-proliferat- 
ing, luminous bacteria suspended in phosphate- 


buffered salt solution is immediately decreased on 
addition of quinine. This inhibition is inde- 
pendent of cell concentration and is immediately 
reversible by diluting or by centrifuging and re- 
suspending the cells in a medium without quinine. 

An analysis of the relation between concentra- 
tion and inhibition, at constant temperature and 
hydrostatic pressure, indicates that the average 
ratio of combining molecules is 1 to 1.5 for quinine 
and its site of action, respective]}', in the equilib- 
rium. 

The relation of inhibition to temperature shows 
that it is dependent on the specific, normal, op- 
timum temperature of the process in the organism 
concerned. In general, the inhibition increases 
as the temperature is raised to\yards and beyond 
the optimum, A given concentration of quinine, 
at a given temperature, may thus result in widely 
different potencies of effect according to the nor- 
mal temperature-intensity relation of the lumbes- 
cent oxidative reaction in different species. In 
the presence of the drug, the optimum is shifted 
to lower temperatures than normal. 

Experiments with crude extracts of the lumines- 
cent lucifcrin-lucifcrasc system of Cypridina show 
that the luminescent reaction may be directly 
affected by quinine. In bacteria, an anal3'sis of 
the temperature data indicates that more than a 
single reaction is affected. In general, however, 
the of action resembles that of urethane, al- 
cohols, acetone, and similar inhibitors which pro- 
mote reversible denaturation of the protein en- 
zyme. 

The quinine inhibition of bacterial luminescence 
is sensitive to hydrostatic pressure, which, under 
certain conditions, ma}' completely abolish the 
effect of the drug. 

Evidence for a combination of quinine with 
sulfanilamide and with butyl alcohol, predictable 
on tlieoretical considerations, wus found in the 
mutual antagonism of the luminescence inhibition 
exhibited by mixtures of these drugs at favorable 
concentrations and temperatures. In general, 
the net result obtained with mixtures w'as either 
an antagonism or synergism, depending on the 
relative concentrations involved and the tendency 
of the drugs to combine with each other as well 
as with the catalytic systems in the cells. 
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INTRODUCTION 

Chlorine has come to be generally accepted for 
use in water purification procedures during the 
experiences of the last two or three decades. 
Ozone also has been known for years to be a highly 
clTcctivc oxidizing agent and has been used ex- 
tensively in Europe for water sterilization, as well 
as for the reduction of objectionable tastes and 
odors. The extensive use of ozone in this country, 
however, has been relatively retarded because of: 
1) the high costs of power in the United States 
during the period of ozone development, and 2) 
the low electrical cfificienc>'’ of the older types of 
ozone equipment. In recent years the cost of 
electrical power in this country has been greatly 
decreased and the cfficienc}' of the ozone* system 
used in this study has been improved to such a 
degree that ozone can now be produced at costs 
per pound comparable with chlorine. It should 
further be pointed out that one pound of ozone is 
the chemical equivalent of one and one half pounds 
of chlorine. Thus llic economic picture in produc- 
tion shifts strongly in favor of ozone. 

While certain of the early work with ozone 
indicates its bactericidal properties, few quantita- 
tive tests have been reported and with the excep- 
tion of studies in tliis laborator>' no records are 
knoNMi to tlie authors whicli compare the bacteri- 
cidal cfTccts of chlorine and ozone nor the effect of 
ozone on protozoan c\'sts or viruses (1). 

The effect of chlorine on cysts of E. hislolyiica 
has been studied by several workers but until 
recently the results could not be compared because 
of lack of uniformity in techniques. The earlier 
work in which adturc methods were not emjfioyed 
in tests for viability of cysts were highly spccula- 

Aided by a grant from the Lane-Wells Company. 

*Thc o.Tonc used was productxl by ,a laboratory 
model of the Stcrozonc oionizcr, designed by one of the 
authors, D. K, A, 


tivc and variations in conclusions were marked. 
Investigations to be of value should compare, by 
standard methods, the dosage and residual of 
chlorine in p.p.m. , the temperature, pH, and organic 
nitrogen content, together with cj'st and bacterial 
count per cc. of the water tested. 

Among the more recent reports which may be 
reviewed are those of Liu (2), Garcia (3), Gordon 
(4), Stone (5), Chang and Fair (6) and Brady, 
Jones and Newton (7). Even in these reports 
some difficulty arises in comparing results because 
of the selected varLables in the experiments. 

Stone (5) shows, at a temperature of 22 to 25®C., 
with organic nitrogen of 0.12 p.p.m., with probably 
1500 cysts per cc., that .6 p.p.m. residual of chlorine 
in 60 minutes and 1.6 p.p.m. in 15 minutes will 
destroy c>^sts of E. histolytica. He concludes that 
Escherichia coli and cysts of E. hislolyiica arc 
about cquall}^ susceptible to dilorination though 
he does not state the bacterial count per cc. of his 
experiments. He used both calcium h>T>o chlorite 
(H. T. H.) and dilorinc gas but docs not differ- 
entiate between tlie effectiveness of the two. 

Chang and Fiar (6) conclude that the concentra- 
tion of gaseous chlorine needed to destroy cysts of 
E. histolytica appears to be well within tlic range 
of practicable super-chlorination provided the 
contact period is 30 minutes, or more. They 
indicate, by most efficient graphs, the effect of 
such variables as temperature, pH, organic nitro- 
gen and c\"st density. No comparison is rc}>ortcd 
between the bactcriddal and c\’stiddal effects of 
dilorinc under identical conditions. 

Brady ct al. (7) tested the effect of II. T. IL in 
tlic L\'Stcr Bag under field conditions and indicate 
tliat for practical puri>o?cs it probably requires 
7,5 mg. of applied hypodiloritc per litre for 15 to 
20 minutes to inactivate 99% of 20 c>*sls of E. 
hislolyiica per cc. Their initial pH \-alucs \’aried 
between 6.5 and 1J2, their temperature between 
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19 and 28®C., and organic nitrogen between .1 and 
.65 p.p.m. 

MATKIUAtS AND M]:TnODS 

For the current study it was suggested iiy 
specialists in the anned forces that chlorine, 
producing residuals of 0.5 p.p.rn. and of 1.00 p.p.m. 
respectively, be compared with ozone for various 
time intervals at several pH levels. In a series of 
preliminary’* tests with unbufTered water having an 
initial pll ranging between 6 and 7 it was found 
that ordinarily the application of gaseous cldorinc 
and of ozone lowered the pH while Uic apjilication 
of sodium hypodilorite increased the pi I of tlic 
tested medium. In order to obviate the possible 
influence of the bactericidal and cysticidal effect of 
pH it was decided to buffer the original solutions 
so that diangcs in pll would not occur during the 
cx|Krimcnt. KH^PO^ and Na:HPO< were used in 
the proper proportions for the pH ranges from 
5 to S and KCl, NaOH, and H 3 BO 3 were used for 
tlic solutions buffered to pH 9. 

Media 

The first problem in a study on cysticidal effects 
of any substance is to be able to produce cysts in 
sufficient quantity so that an adequate number of 
freshly viable cysts will be available for cxpcrL 
ments at regular mter\'als. Several methods have 
been reported in the literature, i.c., Bocck and 
Drbohlav’s medium with starch as reported first 
by Dobell ( 8 ), 2) Cleveland's medium (9), 3) 
Stone's medium ( 10 ), and 4) Chang’s medium ( 11 ), 
and each has produced sporadic results in the liands 
of tlic present authors. Since Chang^ (11) 
reported excellent results by using a highly buffered 
liver extract liquid medium one of the authors in 
the current work (M. Q.) suggested that a buffered 
solid base might produce even more stable results 
than a buffered liquid medium. Both Difeo's 
Liver Infusion Agar, and R. E. S. were buffered 
by the same phosphate buffer used by Chang and 
the scrum used over the slant was likewise diluted 
with this buffer, which produced a medium at 
pH 7 to 7.2 of M/27 phosphate containing 0.9% 
chloride salts. The buffered liver infusion agar 
produced more cysts than the buffered egg slant, 
hence this was selected for routine work. 

Chang’s medium contains an excess of starch 

3 In recent conversation, Chang states that he is now 
using with improved results a liver-infusion agar base 
over which he places the buffered liver-infusion liquid. 


wliich is routinely filtered off before cy^sts are used. 
By quantitative standardization of the starch 
added to the buffered liver infusion agar cncyst- 
ment medium it is possible to procure cysts with a 
minimum of residual sUirch. In this study 0.01 
mg, of starch is added to each tube containing 
8--10 cc. of 1:10 Serum-Ringer’s solution placed 
over the skint. 

In general our procedure is as follows: 

1 . Grow the trophozoites 48 hours in small 
bottles containing Cleveland and Collier’s Difea 
medium 2% agar without stardi. The equivalent 
of three 17 .x 150 mm. test tubes is placed in one 
bottle, 

2 . Pool the sediment containing tlie trophozoites 
from the bottles used in an experiment: mix the 
material well and thereby produce a uniform pool. 

3. Plant 3 cc. of this pool to each tube of cnc>*st- 
ment medium. Each tube contains 8-10 cc. of 
liquid medium which covers tlic agar slant. 

4. Obscra'c at intera^als for maximum enca^st- 
ment — usually 55 to 60 hours. 

5. Pipette off all liquid, leaving the sediment. 

6 . Wash the sediment three times uath distilled 
water, centrifuging between washes. 

7. Standardize each tube to five cc. by adding 
distilled water. 

8 . Store in ice box 24 hours and then make 
hcmacydomcter count of cy^ts. 

In order to evaluate the efficiency’* of the several 
methods, as used in our hands, ten consecutive 
weekly comparisons of cy’st production on the 
different media were made. IMotiicr cultures were 
growTi in both Eocek and Dobohlov’s medium 
(Ringcr’s-Egg-Serum) and on Cleveland and 
Collier’s Difeo medium with 2 % agar, since some 
workers have used one and some the other. 

Table I shows the results of this comparative 
test in our hands, I^Iinimum and maximum and 
average counts of thousands of cy^sts per cc. are 
recorded for the ten tests. In order to determine 
the total number of cy^sts procured in one test tube, 
the recorded figure should be multiplied by’* five. 

It will be observed that : 1) For tlic most part 
trophozoites grown on liver infusion agar without 
starch produced greater quantities of cysts when 
added to the various encystment media containing 
starch tlian the trophozoites grown on Ringer’s- 
Egg-Serum Modh without starch. Cleveland’s 
liver infusion agar medium therefore appears to be 
the better medium on wiiich to grow the mother 
cultures \Yithout starch prior to encystment 
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2) Of the five media tested, the Buffered Liver 
Infusion Agar produced the greatest number of 
cysts with the greatest consistency, 

3) Ordinary unbuffered Liver Infusion Agar 
produced thejewest cysts. 

TABLE I 

Comparison oj encystrncnl media 


THOUSAND CYSTS TEK 
CC. IN EACH CULTURE 



Mm. 

Jfax. 

Av. 

Amoebae stock cultures in 
Bocck-Drbohlav’s Ringer’s- 
Egg-Scrum without starch. . . 
Encystment media 
with starch 

Bocck-Drbohlav^s Ringcr’s- 
Egg-Scrum 

5 

44 

1 18.2 

Clcvcland-Collicr Difeo-Enta- 
moeba medium {2%-agar) — 

2 

34 

1 

12,6 

Locke’s Solution and Rice 
Starch — Army Medical 

School 

4 

24 

! 8.6 

Chang’s Buffered Liver-In- 
fusion Brotlr. 

5 

63 

27.1 

Buffered Liver Infusion Agar. . . 

10 

99 

j 

50.0 

Amoebae stock cultures in Clcvc- 
land-Collicr Difeo-Entaraoeba 
Medium (2%-ngar) without 
starch 

Encystment media | 

with starch | 

Bocck-Drbohlav’s Ringer’s- Egg- 
Scrum 

1 

36 

1 

1 

j 

j 

114 

65. S 

CIcvcIand-ColIicr Difco-Enla- 
moeba Medium (2%-agar) . . . 

4 : 

32 

13.8 

Locke’s Solution and Rice 
Starch — ^.\rmy ^^cdical 

School 

10 

66 

36.9 

Cliang’s Buffered Liver-Infu- 
sion Broth 

13 

113 

64.0 

Buffered Liver Infusion Agar. . . 

71 

366 

209,3 


Proced fires 

In pteUminar\* studies in tlie early part of tliis 
work, ten cc. of wntcr, cotaining cysts were 
subjected to the chlorine or ozone tests with 
consistent results, but in the tests recorded in the 
graphs in this ixapcr by prc*fcrena^ one liter samples 
of water were used throughout . The liter of water 
cojitaining the CA’Sts for chlorination \^‘as placed 
in a 2000 cc, lijipcd fiask. To this the chlorine was 


added and the flask corked. At the time Ac 
experiment ^^'as concluded tlie ncccssara' amounts 
of the mixture for pH and chlorine residual tests 
were poured over tlie lip from the flask, thus 
remoadng any untreated c>"sts that might have 
adhered to the upper rim of the tested material. 
The balance was immediately neutralized with 
sodium thiosulfate. 

The ozone tests were made by placing the liter 
sample of material to be tested in a 1500 cc. lipped 
cylinder and the ozone was conducted to the 
bottom of the tube in air and diffused through the 
sample by means of an alundum extraction thimble 
of medium porosity. At the end of the time 
intervals, samples for pH and ozone residual were 
rcmov'cd by pouring over the lip of the tube, and 
the balance was neutralized. In both tests the 
residual values represent oxidation residuals 
measured by orthotolidine and expressed on the 
customary chlorine basis. 

IFithin one minute following the neutralization 
of the samples tested, 200 cc. was poured from the 
flask, 100 cc. into each of two 100 cc. centrifuge 
tubes, and centrifuged for 5 minutes at 3000 r.p.m. 
The supernatant, 99^ cc., was siphoned off each 
tube and the bottom J cc. from each tube which 
contained tlie c>'sts was pooled and planted into 
R. E. S. medium and incubated for 72 hours. 
Controls for each test consisted of 200 cc, of the 
test sample which had stood at the tempemture in 
question for the longest time intcr^ail of the 
experiment, an amount of sodium thiosulfate 
identical with the amount used in the tests alraa's 
being added to the control. Only experiments 
where controls demonstrated more than a mini- 
mum of 5 trophozoites per field using an S mm. 
objective and 5 X ocular were retained as suitable 
for the experiment. Negative culture lubes 
were checked again at 96 hours before being 
discarded as negative. 

In the experiments summarked in the graphs, 
5 or more tests were performed for each point 
represented and numerous determinations were 
likewise made at the time intcia'als below and 
above these points. During the course of the 
cx])crimcnt with liter samples of v.’ulcr, 291 tests 
were perfonned. Eadi lime intcr\*al plotted on 
the graphs represents the highest bacicriddal 
and o'sticidal time obtained at that |virllculir 
pH level and time intcn-al. 

The N. R, S. strain of E. histclyiica was used 
throughout and only o'sts tliat were less tli,*in 10 
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clays of age were selcclcd for experiments. One 
hundred cysts per cc. were selected as standard. 
The bacterial count of 500,000 to 1,000,000 per cc. 
represented the bacteria in the amoebae cultures 
usually present in these dilutions. In the latter 
cx|>erinicnts of the series, following the standardiza- 
tion of the buffered liver infusion agar procedures, 
bacterial co\ml5 following the washings were 
found to be mudi lower than during the first part 
of the work and in some instances fresh bacterial 
culture had to be added to the sample to produce 


results and since no critical comparative tests 
have been made at these low residuals, the highest 
residual employed is recorded. 

The temperature selected for all experiments was 
27®C. and the organic nitrogen ranged from 0.5 to 
2.00 p.p.m. The time inlcrv^als were selected as 
being representative of geometric progression, and 
the pH determinations ranged from 5 to 9. 

The actual dosages in p.p.m. arc not recorded 
since they varied slightly in each experiment, 
probably being largely dependent upon the amount 



Or^ftnic nitrogen .6 to 
2,0 ppn 


inji. 


4 MIK. 


See* O.S pjjo 


2 mn. 


prf 6 pH 6 JjH 7 pB 8 pH 9 

Graph J. Cysticidal Action of Chioiunr and Ozone 


H. T* H. 

Clg 

^3 


the count established in the earlier experiments. 
The bacteria recovered from our cultures were 
jRschcricMa cob', Alkaltgcttcs fccalis^ and a strain of 
gamma Streptococcus. EscJtcrichia cali was tlie 
only organism recovered in the plate counts follow- 
ing the test. 

Although the ozone residual is recorded as 0.3 
p.p.m., this represents the highest residual used in 
these experiments. It fell below this point a few 
times, actually ranging between 0.1 p.p.m. and 
0,3 p.p,xn. No differences were observed in the 


of organic nitrogen present. In general they 
ranged from two to three times the required 
residual. 

DISCUSSION AND CONCLUSIONS 

The following observ^ations may be made from 
the graphs. The conditions under whidi tlie tests 
were made must be reoilled in their interpretation 
(Graph I, cysticidal tests). 

1 . At pH ranges between 6 and 8 the cysticidal 
time of gaseous chlorine producing a residual of 
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0.5 p.p.rn. was sixty minutes while the tystiddal 
time of calcium hypochlorite (H. T. H.) was one 
time interval higher, or 120 mmutes. 

2, At pH of 5 the (^^sticidal time for both gaseous 
chlorine and H. T. H. becomes 30 minutes and at a 
pH of 9 the c>'sticidal time of the gaseous chlorine 
increases to tlic 120 minute level. 

3. Gaseous chlorine producing a residual of 1 
p.p.m. is o^sticidal in 15 mmutes at a pH of 5, and 
in 30 mmutes at pH levels ranging from 6 to 9, 


1,000,000 per cc. represents a hea\y load in com- 
parison wdth average bacterial counts obtained in 
water bacteriolog>% With lower counts, bacteri- 
cidal time inten^als would have been reduced 
throughout. 

I. At pH ranges of 6 and 7 the bacteriddal time 
of gaseous clilorine, producing a residual of 0.5 
p.p.m., was 60 minutes while the bacteriddal time 
of H. T. H. TOS one time intcn^al higher or 120 
minutes. 



Roa* 0»5 ppa 


Rea. 1*0 ppm 


Temp. 27®C. 

Cyatc per cc 100 
Bacteria per cc 600,000 
to 1,000,000 
Organic nitrogen .5 to 
2.0 ppm 


n. T. H. 


C12 


^3 


7^ Hin. 


4 MIN. 



,.«.,Roc. O.S ppm 


Bacteria In Culture 
$ trap to CO 0 cu s , 
Alkaligencc 
H. coll 


2 5 ^H6 ja7 jne ,S9 

GRArn II. BACTERicmAL AcnoK or Chtlorike ako Ozoke os Bacteria in Cultures or 

EKDAifOEBA mSTOtiTrCA 


4. Ozone producing a residual of 0.3 p.p.m. was 
c>^tiddal at 2 mmutes at a pH of 5 and in 4 
minutes at pi I levels between 6 and 9. 

The cystiddal action of chlorine on E. hisiohitca 
obser\‘ed in this hbomtory study, when <x}nipared 
with the same points in the studies of Slone (5), 
Chang and Fair (6) and Brady, Jones and New*ton 
(7) in general shows similar results. 

Jn reviewing the results rca^rded on Graph 11, 
bactericidal tests, it should be emphasked tliat a 
bacterial count varadng between 500,000 and 


2. At pH levels of 5, S and 9 the bactericidal 
action of gaseous dilorinc and IL T. H, was the 
same. 

3. The bactericidal action of gaseous dtlorine 
produdnga rcsidualof 1 p.p.m. was 1 time infm^al 
lower than the bacteriddal .action of gaseous 
chlorine produdng a residual of 1 {Kfi.m. 

4. The bacteriddal time of onone produdng a 
residual of 0.3 p.p.m. w'as 4 minutes at a pH of 5 
and 71 minutes at pH Icvcb ranginc: from 6 to 9. 

In a)mp5ring the bactcriddil load rangi.ng he- 
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tween 500,000 and 1,000,000 per cc. with the cyst 
load of 100 cysts per cc. in the two graphs, it is 
seen that the bactericidal and cj^sticidal results 
do not vary appredahly from each other. 

1. The results v^dth H. T, H. and gaseous chlo- 
rine producing a residual of 0.05 p.p.m. were both 
30 minutes at pH S and 120 minutes at pH 9. 
Bactericidal and cysticidal results were likewise 
identical at pH levels of 6 and 7 though they 
varied one time inter\^al between the H. T. H. and 
gaseous chlorine. The only difference was at pH 
8 where the bactericidal results were 1 time interval 
higher than the cysticidal. results, 

2. The bactericidal and cysticidal results with 
gaseous chlorine, producing a residual of 1 p.p.m., 
were identical at pH ranges of 5, 6, 7 but the bac- 
tericidal times were one inter\^al higher at pH levels 
of 8 and 9. 

3. At pH of 5, the bactericidal results with ozone 
producing a residual of 0.3 p.p.m. fall at 4 minutes, 
while the cysticidal time was 2 minutes. At pH 
levels varying from 6 to 9 the bactericidal time 
was 7^ minutes while the cysticidal time was 4 
minutes. 

4. In both bactericidal and C3^sticidal studies 
the ozone producing a residual of 0.3 p.p.m. was 
several times more effective than either H. T. H. 
produdng a residual of 0.5 p.p.m. or of gaseous 
chlorine producing residuals either of 0.5 p.p.m. or 
of 1.0 p.p.m. 

SUmSARY 

A comparison of the c}^stiddal and bactericidal 
effects of chlorine and ozone is made at pH levels 
ranging from 5 to 9 in winch the test solutions were 
buffered to hold at constant levels for the duration 
of the experiment. Cysts of E, histolyiw and the 
bacteria occurring in the routine cultures of the 
same were tested. One hundred cysts per cc. 
were selected as a standard dosage for the experi- 
ments, the bacterial count accompanying this 
dosage ranging between 500,000 and 1,000,000 per 
cc. Chlorine residuals of 0.5 p.p.m, and 1.0 p.p.m. 
were compared with an ozone residual of 0,3 p.p.m. 
at time intervals ranging from 2 minutes to 240 
minutes at a temperature of 27° C. The following 
generalizations may be made: 

1. Gaseous chlorine producing a residual of 0,5 
p.p.m. when compared \rith H. T. H. producing 
the same residual was in general more active. 

2. The activity of chlorine tended to decrease 
at the Ingher pH levels studied, while the activity 


of ozone ^-as less at pH 6 than at pH 5, but 
was not reduced between pH 6 and pH 9. 

3. No great differences were noted between the 
bactericidal and cysticidal effects of the loads 
tested. It must be noted that the bacterial load 
tested was unusually hea\% and if a bacterial 
load of 100 to 1000 per cc. were tested the bacteri- 
cidal times would have been lower. 

4. The bactericidal and cysticidal times re- 
quired by ozone producing a residual of 0.3 p.p.m. 
were several times less than those required by 
chlorine producing residuals of either 0.5 p.p.m. 
or 1.0 p.p.m. 

5. A buffered liver infusion agar base with a 
buffered serum mixture is described as an encyst- 
ment medium for E, histolytica. The results of 
cyst production on this medium are compared with 
cyst production on Boeck-Drbohlav’s Ringeris- 
Egg-Serum, Cleveland-Collier’s Difco-Entamoeba 
Medium (2% agar), Lockers Solution and Rice 
Starch, and Chang’s Buffered Liver-Infusion 
Broth, In our hands the buffered liver infusion 
agar ^:as superior in cyst production to the other 
media tested. 
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Amebiasis is the term commonly used to indicate 
an infection of the body by unicellular organisms 
known as amebas. These parasites of which 
several species have been described, commonly are 
found in the gastro-intestinal tract where they may 
give rise to pathological changes. Of special 
clinical importance is Endamocha histolytica which 
commonly invades the large intestine and is the 
cause of amebic dysentery, also called tropical 
dysentery or intestinal amebiasis. This parasite 
may also directly invade the lower part of the 
ileum and appendix and cause appendicitis and 
by metastasis may be carried to the liver and lungs 
and give rise to amebic abscesses in these organs. 

The case to be reported is that of a woman, 
M. B., aged 70 years, who was in a hospital for 
mental diseases as a senile case for about four years, 
she never was out of the country. The blood 
showed a rather marked degree of secondar\'^ 
anemia, pernicious in type. Before her death, 
October 27, 1942, she had intermittent attacks of 
diarrhea for about six weeks, the feces were not 
e.xamined for parasites. 

'I'hcre was nothing of importance in the physical 
history of the case that would have had any definite 
bearing on the cause of death except that the 
physician in charge of the case, noticing a rather 
profuse vaginal discharge, on examination found 
the uterus enlarged, the cer\dx swollen, soft and 
ulcerated and cancer was suspected. 

At the autopsy I did not find any pathologic 
changes of importance to account for the imme- 
diate cause of death beyond a generalized arterio- 
sclerosis, senile changes of the internal organs and 
a modenite degree of hyi>ostatic pneumonia. Next 
in inn>ortance was the examination of the uterus 
for the eviilence of cancer. 

Macrosa^piadly the uterus was found moder- 
ately enlarged and soft, 'fhe cervix was swollen, 

* Read at the Thirty-Ninth .Annual Meeting of the 
American Society of Tropical Mcilidne, Cincinnati. 
Ohio. November 10- IS. 104S. 


soft, eroded and ulcerated and showed several 
small hemorrhagic areas. Microscopical examina- 
tion of the sections showed a subacute ulcerative 
innammation, congestion, scro-cellular infillnition 
and granulation tissue, no evidence of a neoplastic 
growth was found. On further e.xamination, how- 
ever, quite unexpectedly and to my suqirise. I 
detected several round and oval bodies in the sub- 
mucosa below the ulcers and also into the deeper 
layers of the tissues. A more detailed study of 
the sections revealed these bodies to be the vege- 
tative form of Endamocha histolytica as shown in 
the accompanying illustrations. 

COiniENT 

In reviewing the recent literature I find that 
iMorse and Seaton, American Journal of Tropical 
Aledicinc, May 1943, describe the presence of 
amebas in the vaginal discharge of two cases in 
China, Herman and Berman, Journal of A, M. .A., 
November 1942, claim to have detected amebas in 
the discharge of an ulcer of the penis and Shih, Wu 
and Lieu, Chinese M. J. February 1939, rcfiort a 
case of amebiasis of the penis, but the actual in- 
vasion of the tissues by the amebas in these cases 
is not stated hy the authors, 

summary 

The author, to the best of his knowledge, be- 
lieves this to be the first case of amebiasis of the 
uterus to be rejxirtcd in this country. 

The invasion of the sex organs by amebas ojiens 
a new field of investigation ns to the probable trans- 
mission of Endamocha histolytica b\' sexual inter- 
course. 

I desire to express my thanks to Dr. Charlotte 
Sweeney Ilclmar. for her assistance at the autopsy. 
Miss Eliza Gunn ami Mrs. Virginia Rich, tor the 
preparation of the tissue sections and to I)r. Ottcr- 
bein Dressier and Mr. Joseph PopjHrl. for their 
assistance in the prcjvaration of the illu^lratiouh. 
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Cervix showing A, ulceration, 
cosa respectively. 


Fig. 1, AstEBiAsrs of the Uterus 

B, cyst. C and D, Endanicba liistolytica in recess of mucosa and submu- 
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4^ 


Fig. 2. Amebiasis of the Uterus 

Same as Fig. 1, magnified showing Endameba histolytica in recess of mucosa, C and D in submucosa 
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During the past several 3^cars the nutritional 
requirements of Endamocha histolytica have been 
investigated in this laboratory with the view of 
improving the cultures which are used in the pro- 
duction of antigens. Our ultimate objective is the 
development of a medium which will supply all 
the growth factors necessary for the cultivation 
of the amoeba in high concentrations without 

,cteria or other agents that interfere with the 
specificity of antigens. Up to tlic present time, 
(1, 2, 3, 4, 5) the amoebae have been freed from 
the bacteria of the stool and cultivated with a 
single sp ’rs that has been designated as organism 
/. In our modification of the L.E.S, medium in 
Erlenmcj^cr flasks average }nclds of 1,000,000 
amoebae per flask have been reported. From 
tlicse amoebae antigens of high potency and 
specificity' have been processed and used in the 
complement fixation test for amoebiasis. Experi- 
ments on amoeba -organ ism / cultures have shoum 
tliat niucli hy'^drogen is produced by' the bacteria 
in the L.E.S. medium thus facilitating an anaerobic 
environment which, according to Snyder and 
Mclcney' (8), is a growth prerequisite for the 
amoebae; also that reducing substances diffusing 
from the solid to the liquid phase may^ function in 
the nutrition of the organisms. A hitherto un- 
published obscrs'ation that amoebae failed to grow 
o a once used base that W'as rcjilcnishcd witli 
ficsh overlays has strengthened the evidence that 
amoebae are nourished by soluble products of egg. 
Our failure in a number of other unpublished ex- 
periments to demonstrate any' effect of vitamins 

' Rend at the Thirty'-Ninth Annual Meeting of the 
.’\mcricnn Society of I'ropical ^tcdicine, Cincinnati, 
Onio, Xovember 16-18, 1943. 

\Vc wish to thank Senior Surgeon Lloy*d D. Felton 
of the Division of Infectious Diseases, I*nncip.il Statis- 
tician William M. G.ifafcr of the Division of Industrial 
'lyTicne, and R.assed .Assist.int Surgeon (R) Roy Ilcrtr 
u .he Division of Chemotherapy for valuable sug- 
gestions. 


or other substances on the growth of amoebae was 
probably due to their initial occurrence in whole 
egg. A discovery' that media made cither from 
egg white or egg y'olk arc deficient in nutritive 
factors has provided the basis for the work 
presented in this paper. 

PREPARATION OF ilEDU 

Medium was prepared for stock tube cultures 
as previously reported (6) and in addition in 250 
ml. Florence flasks which were used instead of 
Erlenmcy'cr flasks (4) because tlie shape of the 
former provides for more gradual diffusion of 
reducing substances and for less surface area 
between air and liquid. The solid phase con- 
tained 50 ml. of a particular coagulum and 3 gm. 
of crushed egg shell per flask; the liquid phase 
contained 200 ml. of Locke’s solution (NaCl, 8 gm.; 
KCl, 0.2 gm.; CaCh, 0.2 gm.; KH^PO^, 0.3 gm.; 
dextrose 2.5 gm, and distilled water 1,000 ml.) 
supplemented with 0.03 gm. of rice flour and with 
or without enrichment substances as listed in tabic 
1. Whole egg coagulum was prepared as in 
previous work (4) with 4 eggs to 50 ml. of Locke’s 
solution, egg wliitc coagulum witli 6 whites to 50 
ml., and y'olk coagulum with 6 yolks to 25 ml. An 
albumin coagulum, A^FsC (tabic 1) w*as prepared 
from a 10 per cent commercial product Uiat we call 
“glassy'” albumin. In two media the yolk ba.^^^c 
was enriched with 2 gm, of jxiwdcrctl and “glassy” 
albumin, rcspcclivtiy, Tlic w'holly liquid medium, 
IFsC (tabic 1), was prcparcil with 50 ml. of an 
infusate of coagulated egg wiiite and 200 ml. of 
IwOckc’s solution per flask. 

Cholesterol (Merdi’s cholcstcrin), uset! In 13 
cxj>crimcnts, was susjKndcKi in di5lil!e<l w^atcr, 
slerilked in the autocLive. emulsiiu:*! by' shaking 
with glass beads, and ad<icd to the flasks in the 
amount of O.l mg. \>ct ml. of tlie liquid pliase of 
the me<!ium. Cholesterol so^iium s'alfatc, in 
the remaining CAperiments, was dissolved in dls- 
tilltNi W'atcr, stcrilincHi in the aulocbve, and added 



TABLE 1 

Coviparalivc yields of Endamocha histolytica from various media in Florence flask cultures 


COMPOSmoN OF MEDIUM 

DESICNATIOK 

NUMBER 
OF TESTS 

KARXi: 

TEN 

^lini- 

mum 

ST OF AMO 
s OF xnotri 
PER FLASK 

raum 

EBAE tN 
SANDS 

Average 

WTiole egg 

WE 

20 

24 

274 

153.0 

Egg white 

A 

20 

1 

45 

20.5 

Egg white enriched witli the following: 






Cholesterol 

AC 

4 

11 

55 

25.0 

Led tliin 

AL 

1 



12.0 

Cholesterol and iedtliin 

ACL 

2 

10 

23 

16.5 

Vitamins, amino adds, and purine bases (Solutions I, 






n, and III) 

AF, 

3 

10 

24 

19.0 

Vitamins and purine bases (Solutions I and III) 

AF. 

2 

28 

84 

56.0 

Vitamins, amino adds, and purine bases (Solutions II 






and III)..... 

AFa 

2 

16 

52 

34.0 

Vitamins and amino adds (Solutions I and 11) 

AF4 

1 



28.0 

Vitamins (Solution I) 

AFs 

2 

28 

54 

41.0 

Vitamins, amino adds, purine bases, and cholesterol 






(Solutions I, II, and HI) 

AFiC 

3 

99 

171 

128.0 

As above plus lecithin 

AFiCL 

6 

S3 

169 

96.0 

Vitamins, purine bases and cholesterol (Solutions I and 






ni) 

AFjC 

2 

77 

197 

137.0 

As above plus lecithin ! 

AFaCL 

1 



110.0 

Vitamins, amino acids, purine bases, and cholesterol 






(Solutions II and III) 

AFaC 

2 1 

52 

57 

54.5 

As above plus Icdthin 

AFaCL 

1 



64.0 

Vitamins, amino adds, and cholesterol (Solutions I and 






n) 

AF 4 C 

‘ 3 

81 

133 

109.0 

As above plus ledthin 

i AF<CL 

2 

' 25 

1 50 

37.5 

\^tamins and cholesterol (Solution I) 

AFsC 

9 

90 

1 160 

125.0 

Vitamins and cholesterol (Solution lAO 

AFeC 

4 

65 

1 115 

93.0 

Vitamins and cholesterol (Solution V) 

AFyC 

1 



17.0 

Vitamins and cholesterol (Solution VI) 

AFsC 

1 



19.0 

Commercial '^glassy” albumin enriched with vitamins 






and cholesterol (Solution I) 

A 2 F 5 C 

1 



9.0 

Egg yolk 

Y 

12 

7 

51 

23.0 

Egg yolk enriched with the following: 






Vitamins, amino adds, purine bases, and cholesterol 






(Solution I, n, and III) 

YFiC 

1 



14,0 

Vitamins and cholesterol (Solution I) 

YFsC 

4 

2 

21 

11.0 

Ovalbumin 

YOt 

1 



7.0 

Ovomudn 

YO 3 

1 



56.0 

Ovomucoid 

YOa 

1 



43.0 

Ovalbumin, ovomudn, and ovomucoid 

YOiOiOa 

2 

72 

73 

72.5 

Commerdal powdered albumin 

YA: 

1 



18.0 

Commerdal “glassy” albumin 

YA- 

1 



53.0 

Difeo Bacto-Peptone 

YP 

1 



IS.O 

Wholly liquid infusate of egg albumin, vitamins, and 






cholesterol (Solution I) 

IFsC 

1 1 



70,0 


* Based on the combined counts of 2 to 3 workers on the pooled han^csts from 5 flasks. 

Componenis of solutions: 

Solution L Thiamine hydrochloride, riboflavin, niacin, pyridoxine hydrochloride, caldum pantothenate, 
choline, inositol, and p-aminobenzoic acid. 

Solution II. Biotin, B-alanine, and casein hydrolysate. 

Solution in. Adenine, guanine, thymine, uracil, and salt solution B. 

Solution IV. Thiamine hydrochloride, riboflavin, and niacin. 

Solution V. Pyridoxine hydrochloride, and calcium pantothenate. 

Solution VI. Choline, inositol, and p-aminobenzoic add. 
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in the amount of 1 raicrogram per ml. of the liquid 
phase. Soybean lecithin \v'as used and prepared 
in the same manner as the cholesterol and added in 
the amount of 0.5 mg, per ml. of the liquid phase. 

The vitamins, amino acids, and purine bases, 
formulae Fi to Fg inclusive, were prepared in 6 
solutions, and were added to the egg ^Yhitc and 
yolk media in the combinations shown in table 1. 
Solution I was added in the amount of 0.5 ml. per 
flask and contributed 0.1, 0.2, 0.1, 0.1, 0.2, 2.5, 2.5, 
and 1.5 micrograms respectively of thiamine hydro- 
chloride, riboflavin, pyridoxine hydrochloride, 
niacin, calcium pantothenate, choline, inositol, and 
p-aminobcnzoic add per ml. of the overlay. Solu- 
tion II was also added in the amount of 0.5 ml. per 
flask and contributed 0.00004, 0.25, and 50 micro- 
grams respectively of biotin, B -alanine, and casein 
hydrolysate per ml. of the overlay. Solution III 
was added in the amount of 1 ml. per flask and 
contributed 1 microgram of adenine, guanine, 
thymine, and uracil and 0.001 ml. of salt solution 
B- (7) per ml. of the overlay. Solution IV was 
added in the amount of 0.1 ml. per flask and 
contributed 0.1, 0.2, and 0,1 micrograms respec- 
tively of thiamine hydrochloride, riboflavin and 
niacin, per ml. of the overlay. Solution V was 
added in the amount of 0.1 ml. per flask and con- 
tributed 0.1 and 0.2 micrograms respectively of 
pyridoxine hydrochloride and calcium panto- 
thenate per ml. of the overlay. Solution Y1 was 
also added in the amount of 0.1 ml, per flask and 
contributed 2.5, 2.5, and 1.5 mlcrograms respec- 
tively of choline, inositol and p-amlnobcnzoic acid 
per ml. of the overlay. 

Ovalbumin, ovomucin, and ovomucoid were 
made up in 5, 2.5, and 2.5 per cent solutions 
respectively and, after sterilization in the auto- 
clave, 2 ml. of each solution were added to each 
flask. Difeo Bacto-Peptone was added in the 
amount of 10 per cent of the yolk base. 

EKrnimrES'TAL procedure 

Seventy-two hour cultures of E, his!oIy!ic<i‘ 
organism / in test tubes formed the stock material 
from which all flasks were inoculated. The inocu- 
lum consisted of the sediment "of 2 tubes |>cr flask 
and fmm the latter the amoebae were harvested 
after 72 hours of incubation, the pooled yielci from 
5 flasks forming the standard for determining the 

-Salt solution B contains MgSOiwH-O, 10 pm.; 
NaCK 0.5 gm.; FeSO, ‘711,0, 0.5 gm,; MuSO»‘4H:0, 
0.5 pm,; dislillctl water, 250 ml. 


effectiveness of each experimental medium. The 
liquid from each lot of flasks was reduced by 
centrifugation to a 10 ml. concentrate and trans- 
ferred to a 250 ml. beaker to secure samples for 
counting. The samples were obtained in a 
Pasteur pipette while the beaker was being gently 
shaken. The counting w-as done with a Ncubaucr 
hemocytometcr as for leucocytes. Each harx'cst 
was counted by 2 and in most eases by 3 workers, 
each of whom counted 2 samples. The figures 
reported arc the means of the combined counts. 
The limits of ^^riability and other statistical 
constants will be discussed in another publication. 

Although several well kno^^^l methods of 
enumerating bacteria have been tried, none has 
been found suitable for routine counting of organ- 
ism / in our cultures; research is needed to devise a 
satisfactory method of counting these organisms 
or of measuring their metabolic acti%dty. 

RESULTS OF EXPERIIIE.VTS 

A summary of the most pertinent data is con- 
tained in table 1 and shows that there were striking 
differences between the yields from whole egg, egg 
white, and egg yolk media, vdth the last two show- 
ing scanty gro\^'th. However, certain of the 
enrichment formulae added to the egg wliite 
medium enhanced the growth of the amoebae, 
producing ydelds almost as good as those from 
whole egg medium. Vitamins of the B group had 
no effect unless supplemented with cholesterol; 
conversely, cholesterol alone had no effect. Addi- 
tional experiments arc needed to determine the 
effect of amino acids of casein hydrolysate and the 
4 purine bases. 

In five experiments cnridimcnt of the yolk 
medium with the vitamin-diolcstcrol ingredients 
had no demonstrable effect. With few exceptions, 
our efforts to determine effective supplemental 
factors for yolk medium have thus far been 
unsuccessful. 

Tw'o brands of commcrdal albumin did not 
support the growth of amoebae either when 
OKiguIatcd as a base and .‘supplemented with vita- 
mins and cholesterol or added to yolk medium. 
Further work is ncedal on o\’albumin, ovomudn, 
and ovomucoid. Our supply of these substances 
has thus far l)ccn ina<icquate. In addition to the 
Difo) Racto-Peptone experiment noic<i in table 1, 
several other cx]K:rimcnts with this product 
or with Difoi Pro tci^se* Peptone indicali’d lluit 
ncitlicr had any iicnion<trab!e efft^ct on the gn^wth 
of amoebae. 
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The yield from whole egg medium in Florence 
flai^ks \Yas higher tlun limt previously reported 
(d) from KrJenmeyer flask cultures, TJie difier- 
cnccs between tlie minimum, maximum, and aver- 
age yields of the whole egg medium were vcr>^ 
pronounced: in 4 of the 20 experiments the yield 
was below 1,000,000 ]>er flask wljile in 6 it was 
above 2,000,000. TJiis variability cjnpliaskes the 
need for furtlier research to determine the causative 
factors. 

niscussroN 

The need for methods of enumerating amoebae 
more accurate than those airrcnll}' in use was 
stressed by Paulson (9) and was ap]>arcnt also in 
the present investigation. We have followed this 
nnibor in adapting the well estaWished iencocj'te 
counting technique to our experimental conditions. 
Although in need of further refinement, this 
technique lias enabled us to measure differences 
that could otherwise not have been clctcrniincd 
between tlic yields of the formulae presented in 
table h 

Data not reported in table 1 appear to indicate 
that differences between lots of eggs may have 
contributed to tlic variability sliown between the 
amoeba ha rvxsts f roni whole egg mediu m. For ax- 
ample, the har\*csts were scanty in some lots of 
media made from stale eggs and from fertile eggs 
incubated up to S days. 

The advxintages of cultiv'ating E. histolylica with 
a single bacterial sj^mbiont were emphasiKcd in 
previous work (4) and also by the investigations of 
Snyder and Mclency (S) who found that a medium 
supporting good growth of amoebae with mixed 
bacteria would not support growth with a single 
species. With a single species of bacteria tlicsc 
workers found scrum indispensable for growth of 
amoebae whereas in our E. //fr/a/y/feu-organism I 
cultures this thcrmolabilc ingredient was not 
required. Snyder and McIcncy cultivated E. 
hisiolyika under anaerobic conditions with mixed 
bacteria in a cystcine-pcptonc-diolcstcrol medium 
and reported that peptone was indispensable. 
However, with a single species of bacteria in 
anaerobic culture the ciTcctivcncss of peptone was 
not demonstrated. In our E, hishlyltca-oxg^msm 
i cultures the addition of peptone failed to promote 
growth. Differences between the bacterial species 
appear, therefore, to have been important factors 
governing the effectiveness of serum, peptone, and 
other ingredients of the medium. Thus the type 
of flora is of primary importance in studies on the 
cultural requirements of this amoeba. 


In agreement with Snyder and Mclcney, we 
have found that cholesterol is essential for the 
growth of if. histolytica, Ciillcau (10) believed 
that cholesterol acts in the nature of a vitamin for 
the nutritional requirements of Eutrichomastix 
coluhrontm and certain species of Trickomoms. 
The present studies indicate that certain vitamins 
of the B complex group arc essential for the 
growth of E, histolytica, and further that certain 
as yet undetermined components of egg white arc 
likewise c.sscnlial in meeting the nutritional require- 
ments of this organism when grown with a single 
spccie.s of bacteria. 

SUMMARY 

In Florence flask cultures of the L.E.S. medium 
the average yield of Eyjdamocha histolytica, based 
on 20 c\*i)erimcnt5, was J ,530,000 per flask but was 
scanty in media made cither from egg white or 
egg yolk. 

The addition to egg white medium of cholesterol 
and S vitamins of the B complex group stimulated 
growthof EJjistolytica to a point well over 1,000,000 
amoebae per flask but was without effect on yolk 
medium. 

Cholesterol alone or the vitamins alone in egg 
white medium had no effect on growth of £. 
histotytica. 

The counts of amoebae obtained from medium 
enriched with the amino acids of casein hydrolysate 
and witli the 4 purine bases were slightly higher 
than those from an uncnrichcd medium. 

Two commercial products of dehydrated egg 
albumin did not support growth of E, histolytica, 

OvaI!)umin, ovomucin and ovomucoid when 
added in combination to yolk medium showed sonic 
stimulating effect on the growth of E, histolytica. 

In one instance an infusatc of coagulated egg 
white plus the vitamins and diolesterol produced 
a fair crop of amoebae. 
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I. INTRODUCTION 

Accurate statistics arc not available as to the 
frequency of Trichomonas vaginalis in men, but it 
is the opinion of man}^ that the incidence of infes- 
tation is higher than the literature would lead one 
to believe. 

Surveys have been made to determine this inci- 
dence in large groups of men though the methods 
used are open to some criticism. Of 32,000 ex- 
aminations of prostatic secretions, reported from 
the Mayo Clmic (1), the presence of Trichomonas 
vaginalis w^as revealed 16 times. Dastidar (2) 
examined about 1,000 specimens of urine and found 
trichomonads in the urine of 3 males and 1 female. 
Trichomonas vaginalis was reported to be the 
ctiologic factor in 5 cases of the 500 non-gonorrhcal 
discharges analyzed by Leherman (3), while 
Knight and Shclanski gave 10.4 as the percentage 
of Trichomonas vaginalis found in 500 eases of male 
urethral discharges (4). An attempt to determine 
the probable incidence of Trichomonas vaginalis 
among the male population ^^'as made by Liston 
and Lees (5). Investigating a consecutive series 
of 400 men attending a veneral disease clinic, they 
found that approximately 4 per cent of the males 
suffered from Trichomonas vaginalis infestation. 

The opportunity to examine consecutively a 
large series of men who had tl\c provisional diag- 
nosis of urctliral disdiarge was afforded the author 
while assigned to the Genito-Urinary Section of 
the Station Hospital at Fort George G. Meade, 
^laiydand. The surv’cy upon which the present 
study is based \\*as undertaken to determine to 
what extent Trichomonas vaginalis might be found 
in men. 

^fa^cnaI and mdhod 

The men studied were admissions to the genito- 
urinary* NOrtls, following tlie routine ph\*sical in- 
sjKction at the Recruit Reception Center. The 
admissions studied extended over seven montlis 
(September, 1942 to Mardi, 1943). All inductees 
found to h.avc a urethral disdiarge or suspidous 

' Captain, Medical Corjis Army of tlic United Sl.ilcs. 


of havbg one arc admitted for further study. 
The discharges, therefore, varied from tlic profuse, 
purulent, gonorrheal type to tlic clear drops of 
urine, resulting from a distended bladder. This 
group of examinees b considered representative of 
tlic male population of the states of Pennsyh^nia, 
Maryland, and Virginia, and the District of Col- 
umbia. 

Of the 1,000 men examined, 926 provided ure- 
thral specimens. The others were diagnosed as 
eases of balanitis or presented a chancre or dian- 
croid lesion, and were not included in tliis study. 
Of the 926 men investigated, 735 were negroes and 
191 were white. Tlicir ages varied from eighteen 
to forty-three years, with the mean falling between 
twenty and thirty years. 

The specimens were collected and examined in 
the following manner. The men were examined 
upon arising in the morning before attending the 
latrine. The genitalia were clearly exposed. 
The urethra was “stripped” carefully and the 
resulting discharge collected on a cotton swab 
previously moistened \rith normal saline. This 
was then mixed in 2-3 cc. of physiological salt solu- 
tion. The organisms were sought by the micro- 
scopic examination of tlic moist films. Most of 
the speedmens were studied immediately upon 
collection, the otlicrs within two hours. Cultures 
were not prepared. 

n. RESULTS 
Incidence 

Table 1 gives llic numbers and percentages of 
incidence for the different ctiologic agents for tlic 
examination of the 926 men. The figures arc 
based on one examination per i)cr?on, with tlic 
exception of 24 trichomonad-i>osilivc individuals. 
These revealed smears willi numerous organisms 
and were repeatedly examined over a period of one 
month. These repeated examinations showed a 
persistent infestation, vrithout appart'nt dimtnu* 
tion in numbers of organisms. Further reference 
\vill be made to this iiarticubr group. 

Of the 735 negroes examined, 407 {55.37 per 
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cent) were posidve for the gonococcus and 121 
(16.46 per cent) showed Trichomonas vaginalis. 
Only 18 (2.45 per cent) of the total of 735 men 
harbored both the gonococcus and Trichomonas 
vaginalis. It \vas noted that Trichomonas vaginalis 
rarely was found in association viith. the thick, 
purulent, gonorrheal discharge. One hundred 
and eighty-nine others (25.71 per cent) showed 
neither organisms, and are grouped under the term 
of non-specific urethritis. W’hen the trichomonad- 
positive cases were grouped with the non-specific 
ones, the percentage of cases of so-called non- 
specific urethritis revealing the Trichomonas 


TABLE 1 

Summary of data on the examination of the ureihral 
discharges of 926 
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Nth- 

stria 

nonoT- 

rkoeae 

Negro men 






Number 

407 

121 

189 

18 

735 

Per cent 

! 55.37 

16.46 

25.71 

2.45 


White men 






Number 

no 

23 

57 

1 

191 

Per cent 

57.59 

12.04 

29.84 

0.52 


Totals 






Number 

517 

144 

246 

19 

926 

Per cent 

55.83 

15.55 

26.56 

2.05 



vaguialis tos surprisingly high. For the negro 
group it was 39 per cent. 

The number of white men examined was 191, 
and 110 (57.59 per cent) were positive for the 
gonococcus. Twentj^-three (12.04 per cent) were 
infested with Trichomonas vaginalis^ and one 
individual showed the presence of both the gono- 
coccus and the flagellate. The incidence of Tri- 
chomonas vaginalis found in cases of non-specific 
urethritis in the white group was 28.7 per cent. 

Of the 926 men reported here, 246 (26.5 per cent) 
were classed as non-specific urethritis. AMien the 
144 positive Trichomonas cases were added to 
these, then the percentage incidence of non-specific 
urethritis cases which might be attributable to 
Trichomonas vaginalis was 36.9 per cent. 


Symptoms and signs 

On questioning the trichomonad-positive group, 
there was little in the information supplied to indi- 
cate present or past symptoms related to the pres- 
ence of the flagellates. Of the 24 men with 
persistently positive smeam, 2 had sought medical 
aid pre\dous to their induction into the Army. 
Both were conscious of a slight urethral discharge, 
usually upon arising in the morning. With the 
appearance of the discharge, there was a slight 
urethral irritation, described by the patients as a 
**buming’^ on urination. One had been consdous 
of this, intermittently, over a period of 18 years. 

The urethral discharge of the trichomonad-posi- 
tive group was slight in amount, ^^Iying from a 
water}’', flecked with white, t}'pe to one that was 
gre>Tsh-ye//ow m color. Ali were thin in con- 
sistency, In general, the microscopic examination 
revealed few epithelial cells, few to moderate num- 
bers of leucocytes and bacteria, vith few motile 
trichomonads. Smears of the 24 persistently 
positive men showed numerous trichomonads plus 
bacteria, and the picture was similar to that seen 
in cases of Trichomonas vaguialis vaginitis. 

in. DISCUSSION 

With the exception of the paper by Liston and 
Lees (4) there are no figures on the inddence of 
Trichomonas vaginalis in the male population. 
In the present study (926 men) there is a total of 
144 cases harboring Trichomonas vaginalis (table 
1). This is a percentage inddence of 15.5. Sepa- 
rating this positive group into white and negro 
men, the percentage incidence is 12 and 16,5 re- 
spectively. These figures are higher than those 
reported by the above English investigators. 
They undertook to estimate the extent to which 
Trichomonas infection may be found among men 
who are afifected with urethral s}Tnptoms. Since 
it is generally knovm that the male may harbor 
the organism without s}Tnptoms, the data pre- 
sented in table 1 are significant of a more accurate 
determination of the prevalence of Trichomonas 
vaginalis infestation in men. 

Liston and Lees (5) reported that approximately 
16 per cent of males sufiering from non-gonorrh^l 
urethritis were cases of Trichomonas vaginalis in- 
festation. Grimm (6) reported finding the flagel- 
late 5 times in a series of 25 cases of non-specific 
urethritis, and Nitschke (7) 5 positives in 40 cases 
of non-specific urethritis. In the present stud\ 
the inddence is 36.9 per cent. 
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The male infested with Trichomonas vaginalis 
usually presents no symptoms. Often the only 
complaint is a slight waterj^ discharge. This dis- 
charge is easily expressed from the anterior urethra 
where the trichomonads arc located in the numer- 
ous glands of the urethral mucosa. This is in con- 
trast to the female suffering from the same infec- 
tion. The male urethral surface is small compared 
to tlie vaginal area, and is continually bemg flushed 
by the urine, allo^ving but sUght accumulation of 
discharge. Although the incidence of infestation 
in men is high, they suffer such slight reaction that 
they arc unaware of the disease until anotlier 
organism invades the urethra, setting up a mixed 
infection. Then the discharge is morc.profuse and 
becomes purulent in character. 

Among the 144 Trichomonas-positive cases there 
were 24 which repeatedly revealed numerous 
organisms, over a period of observation of one 
month. There were 8 white men and 16 negroes in 
this group. The discharge in this group also was 
slight, but usually of a dirty white or muco-puru- 
Icnt type. The gentle ‘‘stripping’’ of the urethra 
expressed a drop or two of discharge, which showed 
numerous motile trichomonads and bacteria. The 
stained smears showed few epithelial cells, and 
moderate numbers of pus cells. Bacterial cultures 
revealed Slaphylococcus albus, diphtheroids and 
gamma streptococci. It is to be noted that many 
of these smears, gram-stained, arc similar to 
vaginal smears from eases of Trichomonas vagwalis 
vaginitis, as to number of trichomonads and as- 
sociated bacteria, especially the small gram-nega- 
tive diplococci so frequently found in such cases. 

The problem of Trichomonas vaginalis infestation 
in the male is important because of symptomatic 
tricliomoniasis among the female population. The 
lack of symptoms in men and the reported low 
incidence of infestation has retarded to a large ex- 
tent the removal of these organisms from women. 
Only after subjecting the female to repeated treat- 
ments, with i>oor results as to final elimination of 
the infection, has the attention of the Medical 
profession been directed to the male as a source of 
re-in fcclion. 

The liigh incidence of infestation reported in this 
sur\’cy (15.5 j>cr cent) emphasizes the fact that the 
male is not only rcsjKinsible for the re-infcction of 
women, but is Uic principle agent of transmission. 
The ease with whidi Trichomonas vaginalis Is 
implanted into negative \‘aginas has already been 


established (8, 9). The present study also shows 
that many stabed smears of Trichomonad-positivc 
urethral discharge arc similar to those obtabed b 
eases of Trichomonas vaginalis vagbitis. These 
two factors facilitate the transfer of the infection 
from the male to the female durbg coitus. 

It would appear, therefore, that the cause of a 
persistent infestation b the woman should be 
sought for in her consort and there also climbated. 

IV. SUMMARY 

Inductees with a provisional diagnosis of 
urethral discharge were exambed for the presence 
of Trichomonas vaginalis. Urethral specimens 
were provided by 926 men, of whom 735 were 
negroes and 191 were white. The method of 
demonstratbg the organisms was the microscopi- 
cal examination of moist films. 

This study revealed 144 men positive for Tricho- 
monas vaginalis, a percentage bcidencc of 15.5. 
Separating this group bto white and negro men, 
the percentage bcidencc was 12 and 16.5 respec- 
tively. 

Of the 926 men exambed, 246 (26.5 per cent) 
were classed as non-specific urethritis. The in- 
cidence of Trichomonas vaginalis found in eases of 
non-specific urethritis was 28,7 per cent b the 
white group. For tlic negro group it was 39 per 
cent. The percentage bcidencc of non-spccifir 
urethritis eases whicli may be attributable to 
Trichoitionas vaginalis was 36,9 per cent. 

The entire group of Trichomonas vaginalis-pos\- 
live men relatively free from all symptoms. A 

disdiargc may be noted which is characteristically 
small in amount, thb b consistency, and of a dirty, 
white color. Microscopically, this disdiargc 
showed few epithelial cells, and a moderate number 
of pus cells and trichomonads. Some of the 
stabed smears were similar to vaginal ones from 
eases of Trichomonas vaginalis \'agbitLs, as to 
number of trichomonads and tyi>es of bacteria. 

The male is the important transmitter of 
Trichomonas vaginalis infestation, while the female 
eventually becomes a reservoir of infection. 

The author is grateful to Major llowani H. 
Curd, Chief of Gcnito-Urbaiy Section, Station 
Hospital, Tort George G. Meade, Maryland, for 
his interest and the facilities of his dctKirtmcnl. 
Technical assistance was rendered by Sergeant 
IIarr>’ Farkas. 
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During the summer of 1943 the \\Triters were de- 
tailed to organize under the supervision of Doctor 
Hugh S. Gumming, Director, Pan American Sani- 
tary Bureau, a program in the research and control 
of onchocerciasis to be carried out in cooperation 
with the Republics of Mexico and Guatemala, 
One of the phases of this program dealt with the 
epidemiology of the disease in these t\vo countries 
and in this connection it seemed desirable to con- 
sider the problem of ascertaining the number of 
individuals who might be carriers of the disease 
and yet show no evidence of external nodules. 

Van den Berghe (1,2) demonstrated for the first 
time the presence of adult female Onchocerca vol- 
vulus in full reproductive activity outside of 
nodules and showed that of 1,704 individuals 
examined at Ucle, Belgian Congo, 66.3 per cent 
had dermal microfilariae although only 61.2 per 
cent showed external nodules. The excess of those 
witli dermal larvae he believed to represent indi- 
viduals who harbored in the deeper connective 
tissues adult gravid female w^orms which could not 
be detected even with the most careful palpation. 

In any successful control campaign, it would be 
ncccssarj’’ to detect such individuals and to take 
such steps as might be possible to climmate them 
as reserv^oirs of infection. Vliilc skin biopsies 
constitute a method of diagnosis in these cases, a 
simpler test which could be carried out with less 
labor and equipment would be of more practical 
application in the inaccessible zones of onchocer- 
ciasis in I^Icxico and Guatemala. 

REVIEW OF LITERATURE 

Hoffmann and Vargas (3) reported that they 
cirricd out intmdcrmal tests in infected and non- 

' Read at the Thirty-Ninth Annual Meeting of the 
American Sodcly of Tropical Mcdidnc, Ciadnnatl, 
Ohio, November 16-1 S, 1943. 

5 Detailed from the United States Public Health 
Service. 


infected individuals, using 0.1 to 0.2 cc. of an 
antigen prepared by Gutierrez (4) from 0. volvulus. 
In infected persons, they noted a papule formation 
which readied its maximum in 2 hours and which 
was accompanied in some cases by pruritus and 
erythema. However, the injection of the material 
in non-infcctcd individuals also resulted in the 
formation of a wheal and in some cases the wheal 
reached a diameter of 2 cm. The above-men- 
tioned authors did not state the dilution of the 
antigen or the number of cases tested. 

Fairley (5) recorded the testing of a case of 0. 
volvulus with a Dirofilaria vnmitis antigen (pre- 
sumably in a concentration of 1 per cent) and the 
development of a wheal 2.8 x 2.6 cm. in diameter 
with pscudopodia and a surrounding zone of 
erythema. Four hours later the arm was red- 
dened, swollen, and painful, and the axillary gland 
became tender. 

Rodhain and Dubois (6) conducted intradcrmal 
tests with 0. volvulus antigen on 3 patients, of 
whom one was also infected with Lea loa. Two of 
the patients, including the one with the double 
infection, reacted positively while the Uiird was 
negative. These authors tested 3 additional 0. 
volvulus cases with D. immitis antigen which they 
obtained from Fairley and presumably used in the 
same concentration as that employed by the latter. 
Positive reactions were obtained in 2 cases, in- 
cluding one in whidi the nodule had been removed 
one year and 7 montlis prcvaously. In the third 
case, the reaction was regarded as partially posi- 
tive; in this case the Onchocerca cv^st had been 
removed approximately 13 months prior to' the test. 

With reference to the tests by Fairley and by 
Rodhain and Dubois, Van Hoof (7) has stated, as 
follows: 

has been easy to repeat tlicse experiments made 
by Uic authors named with D. imnitis extract by rab- 
sliluling for tliis worm 0. vrlrJus. lljouah at the 
labomor>' at Uopoldvillc there fkin XtsXs l^\x pven 
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uniformly positive results it has to be remembered that 
with its lack of specificity tlie method, wlicn applied to 
natives wlio may be licavily and variously parasitized, 
has no longer any significance.*’ 

While tlicorctically 0. x^hnlus antigen should 
give more specific results in skin tests in oncho< 
ccrciasis patients, />, immitis material is easier to 
obtain in quantity and would be of more practical 
use in large scale testing. Van Hoof was aj>par- 
cntly the first investigator to seriously consider the 
lack of specificity of the intradcrmal test in indi- 
viduals infected with parasites oilier tlian 0. 
volvulus. However, it appeared to us that it might 
1)C possible to screen out these non-specific reac- 
tions from other parasites by the employment of a 
suitable dilution of the antigen. During our stay 
at Huixtla, Chiapas, Mexico, opportunity was 
alTordctl to conduct intradcrmal tests with D. 
imrnUis antigen on a number of patients infected 
witli 0. volvulus. We arc greatly indebted to 
Doctor Luis Figueroa, Jefe, Centro Medico y 
Invcstigacioncs dc Onchocercosis, for his courtesy 
in providing facilities for the worlc and for his 
interest and cooperation in this and other studies 
at Huixtla. 

MATERIAI5 AUD METHODS 

. The ^antigens employed in tlicse studies were 
prepared by Senior Zoologist John Boziccvich of 
the National Institute of Health. Adult D. 
irnmUis were removed from the heart of dogs 
sacrificed at NorfoD:, Va, and were frozen in dry 
ice and transported in a vacuum jar to the Institute 
at Bethesda, Md, The worms were Uiawed, 
washed several times in physiologic saline solution 
to remove host protein and were desiccated in the 
Flosdorf-Mudd apparatus. The material was ex- 
tracted with physiologic saline solution in the 
refrigerator for a period of 24 hours, centrifuged, 
and the supernatant fluid pipetted off to be used as 
antigen. This was sterilized by heating at 56°C, 
for one hour for 3 consecutive days after wliich 
suitable cultural tests were made for sterility. 
Phenol in an amount sufficient to provide an 0.3 
per cent solution was added as a preservative. 
Dilutions were made on a dry weight basis. In all 
tests, injections were made with a similar dilution 
of canine scrum in order to rule out positive reac- 
tions which may have been due to sensitivity to 
any host protein which might be present in the 
worm material. A further control test was made 
with physiologic saline solution. 


Prior to the intradcrmal injections, each patient 
was tested by the scratch method with a 1:100 
dilution of all antigens, in order to avoid the possi- 
bility of intense local reactions and anaphylactic 
shock in markedly sensitive individuals. Two 
patients gave such a marked reaction to the scratch 
test that it was deemed inadvisable to apply the 
intradcrmal test. 

The intradcrmal tests were carried out by the 
injection into the skin of the forearm of approxi- 
mately 0.1 cc, of antigenic material. The reactions 
were of the immediate typa and usually reached 
their height in 15 to 20 minutes. A reaction was 
considered positive wlicii the diameter of the anti- 
gen wheal exceeded that of the physiologic saline 
control wheal by 3 mm. or more, a standard which 
lias been employed in previous studies carried out 
by the staff of the Division of Zoolog}", National 
Institute of Health (8, 9). The patients were ob- 
scr\'cd for 48 liours or longer but in no ease was a 
delayed reaction encountered. 

RESULTS OF TESTS 

The patients on whom the intradcrmal tests were 
carried out liad suffered from onchocerciasis for 
periods varying between 1 and 20 years. They 
were either of pure Indian or mestizo blood. 
Seventeen of the patients had no demonstrable 
nodules at the time of the test but had had external 
cysts removed within a few months of the date of 
the test; three of the patients had cysts at the time 
of the tests. Of the 20 individuals tested, 19 
showed microfilariae on skin biopsies while one w’as 
negative. 

No information was available on the Wasser- 
mann or Kahn reactions in the individuals tested, 
although it is probable that some of them were 
sypliilitic. Nearly all of them had a past histor}’* of 
malaria. At the time of the tests, the 20 patients 
showed various parasitic infections divided as 
follows: Trichuris trichiura in 13, hookworms in 
2, hookworms and mal de pinta in 1, Strongyloldcs 
skrcoralis and malaria in 1, Ascaris lutnbricotdcs 
and malaria in 1, Trichuris and hookworms in 1, 
and Ascaris j hookworms and malaria in 1. 

All of the 20 onchocerciasis patients tested with 
a 1 :2000 dilution of the antigen reacted positively. 
The smallest wheal encountered in the group ^vas 

6 mm. and the largest 22 mm. in diameter. In 5 
individuals pseudopodia extended outward from 
the wheal, the longest of these pseudopodia being 

7 mm. In many patients, the wheal was sur- 



REACTIONS TO DIROFILARIA IMMITIS 


201 


rounded by a zone of cty’thcma but in view- of the 
fact that all patients were dark skinned, it was 
difficult to define the limits of the erythematous 
zone. Consequently, the erythema did not enter 
into the evaluation of the reaction. There was no 
correlation behveen the extent of the reaction and 
the duration of infection or the total number of 
cysts which the individuals had harbored. 

Ten of the eleven patients reacted to a 1 : 4000 
dilution of the antigen . The patient negative with 
this dilution gave a well marked reaction with the 
1 :2000 dilution. Incidently, this patient had been 
infected for 20 years, a longer time than any other 
individual in the scries, and had lost count of the 
number of cysts which he had had over this period 
of time. The patient was totally blind due to the 
long continued invasion of the structures of the eye 
the microfilariae of the parasite. 

Two of the onchocerciasis patients reacted to the 
canine scrum control, one to a dilution of 1:2000 
and the other to a dilution of 1 : 4000. However, 
both individuals gave much stronger reactions to 
the D. vuvtitis antigen. 

In order to rule out the possibility of cross reac- 
tions in the presence of parasites other than 0. 
volvulus^ we tested 20 other individuals who scr\*^cd 
as controls. One of the controls was not kno\ni to 
harbor any parasite but the other 19 persons were 
infected, as follows: Trichuris irichiura in 3, hook- 
worm in 8, Ascaris lumhncoidcs in 1, Sfrongyloidcs 
stcrcoralis in I, Entcrohlus vcrmiciilarts in 1, Dicn~ 
tamocha fraf;i!is in 1, Trichuris and hookworm in 1, 
Trichuris f hookworm and in 1, Trichuris, 

Jiookwonn and Wuchcrcria haucrofli in 1, and 
Eudamocha hislolylic4i and malaria in 1. 

All 20 of the controls were tested with the 1 :2000 
dilution of the antigen and 11 gave positive reac- 
tions. Nineteen were tested with the 1:4000 
dilution of the material and 7 gave positive reac- 
tions. Four of the controls were tested at Huixtla 
and 16 at Washington, D. C. Of those tested at 
tlic former place, one had lived all her life in an 
endemic zone of onchocerciasis, while another had 
visited \'anous endemic zones off and on since 1929, 
although \\'as not known to have acquired an mfec- 
tion. Both of these individuals reacted positively 
to the 1 :2000 dilution of the antigen. The other 
two controls tested at IJuixtla were the autliors, 
both of whom reacted negatively, although both 
reacted {witivcly to a 1 :20(}0 dilution of the canine 
scrum amtrol. 

The 16 other control individuals tested at Wash- 


ington, D. C. bad never been near endemic zones 
of onchocerciasis and had never been exposed to 
infection. They all harbored intestinal helminths. 
Nine of the 16 gave positive reactions to tlie 1 : 2000 
dilution of the D. immilis antigen while 7 reacted 
positively to the 1:4000 dilution. Of the control 
patients other than the authors, 3 gave positive 
reactions to the canine scrum control in a dilution 
of 1:2000; 2 of these also reacted to tlic 1:2000 
D, immilis antigen. There was no correlation be- 
tween the species of helminth parasite harbored by 
the controls and tlie reaction with the antigen. 
However, the 2 controls who harbored only 
protozoa failed to react to the Z). immilis antigen. 

DISCUSSION 

The results obtained in the present series of 
tests emphasize the need for considerable care in 
evaluating intradcrmal tests for the diagnosis of 
helminth infections. In spite of tJic fact that all 
of 20 onchocerciasis patients gave positive reac- 
tions to a 1 :2000 dilution of antigen prepared from 
29. immilis and 10 of 11 patients showed similar 
reactions to a 1:4000 dilution, the subsequent use 
of the material on persons harboring helminth 
parasites other than 0. volvulus resulted in a certain 
number of positive responses. Since all of the 
onchocerciasis patients were infected with one or 
more helminth jiarasitcs in addition to 0. volvidus, 
it was not jxjssiblc to determine what percentage 
of tlic positive reactions to the antigen was due to 
a filarid reacting factor and what percentage repre- 
sented responses to a helminth group reacting 
factor. Additional tests vrith more dilute solu- 
tions of the D. immilis antigen must be carried out 
before it can be determined whether this material 
is of any value for the diagnosis of onchocerciasis. 
The present witers were unable to proceed further 
in the matter because of the serious illness of one 
of them at Huixtla, a circumstance which necessi- 
tated suspension of the v/ork. 

Evidence indicates that protein matcrhl dorivc^l 
from the host of imnilis would probably not be 
present in the antigen in sufficient qu.inlitics to 
provoke false positive reactions. In this connec- 
tion, 3 of our controls reactc'fl to the canine semm 
antigen but not to the 29. immilis antigen. In the 
ondioa'rdasis jviticnts anti the controls reacting 
to the 29, irurr:7iJ antigen, the wheals were n:udi 
larger and the rcc^K^nso more striki.ng than the 
case with the canine scrum material. 

Reactions in the ctvUro! |Citicnts t<* Ix'th ty;*r5 
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of antigen arc not believed to be related to allergic 
states in the individuals involved since none of 
them had a history of allergy. Furthermore, 
Bozicevich and Hutter (10) have sho^vn in con- 
nection with the use of D. immtlis antigen that 
most allergic individuals fail to react to this 
material in dilutions over 1:4000, 

SUMMARY AND CONCLUSIONS 

Intnxdennal tests with antigen prepared from 
tlie dog heartworm, Dirofilaria immiiisy gave 
positive reactions in all of 20 individuals infected 
with Onchocerca volvnhis when used in a dilution of 
1:2000 and positive reactions in 10 of 11 such 
patients when erapl 03 ^cd in a dilution of 1:4000. 
In addition to 0. volvuUiSy all of the patients were 
infected with one or more other helminth parasites. 

Similar tests were carried out on 20 control 
individuals, 18 of whom had never been exposed 
to onchocerciasis. Two of the control persons who 
had lived or worked intermittently in endemic 
zones gave a positive reaction. The other 18 
individuals harbored intestinal parasites and 16 of 
them had intestinal helminths. The two mtii 
intestinal protozoa reacted negatively to the 
intradermal test with D. inmitis antigen in both 
of the dilutions employed. With a 1:2000 dilu- 
tion, 9 of the 16 individuals with intestinal 
helminths reacted positively, while 7 gave a similar 
reaction with the 1:4000. dilution of the antigen. 

Control tests were carried out with canine serum 
antigen in the same dilutions as the D. immitis 
antigen. Two of the onchocerciasis patients re- 
acted positively to the, injection of the serum 
antigen, while 5 of the, controls reacted similarly. 
However, the distribution- and nature of these 
reactions indicated that the small amount of host 
protein which might be contained in the D, immitis 
antigen would not be likely to produce false positive 
reactions. 

Results of the present study indicate that at 
least part of the positive reactions in the oncho- 
cerciasis patients were non-specific in character 


and due to a helminth group reacting factor in tlie 
antigen* Additional work may demonstrate the 
feasibility of using antigen dilutions capable of 
detecting cases of onchocerciasis wthout producing 
false positive reactions in tlie presence of other 
helminths. 
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Filariasis apparently due to Wuchcreria baucrofli 
has proved to be an important health problem in 
troops operating in certain endemic areas, and the 
question of early diagnosis has been of considerable 
concern. Any method which could be used to 
differentiate the symptoms of streptococcal lym- 
phangitis, cpidermophyton hnnphadenitis, funicu- 
litis, and traumatic orchitis from those due to 
Witchcrcria bancrojti would be of value in this 
connection. 

Several investigators have already shown that 
in the filarids there is a common group reacting 
factor which is capable of eliciting an intradcrmal 
response in persons harboring filarial infections and 
that antigens prepared from these filarids can also 
be used in serological tests. Taliaferro and Hoff- 
man (1) used a 1:200 dilution of a saline extract 
I)repared from the dog hcartworm, Dirofijaria 
ivivuiiSy as an antigen for cutaneous tests for the 
diagnosis of filariasis. Fairley (2, 3) employed 
1 :200 and 1:1,000 dilutions of saline extracts for 
intradcrmal testing. The above investigators 
found that the majority of the suspected cases of 
filariasis gave positive intradcrmal and complement 
fixation reactions. 

Lloyd and Chandra (4) used for complement 
fixation tests an alcoholic extract antigen and one 
derived from the acetone-insoluble lipoids of 29. 
immitxs. Twenty- three i>ositive reactions resulted 
in tests on 89 filariasis cases. Fifteen additional 
individuals harboring helminths other than IF. 
baticrofli were tested and positive reactions ob- 
tained in 3 persons infected \vith Draatnrulus 
tncdiftmsis. The acetone-insoluble lipoidal frac- 
tion wois thought to give better results than the 
alcoholic antigen, 

More recently, Dickson, Huntington, and 
Eichold (5) cmj)loycd antigen derived from D. 
irnmilis in intradcrmal tests on 137 Xaxy }>cr- 
sonncl with symptoms of filariasis and obtained 
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positive immediate and delayed reactions in 114, 
or 83.1 per cent, of these individuals. Interpreta- 
tion of these results is difficult because of the fact 
that these authors gave no information concerning 
the strength and intradcrmal dosage of the antigen. 

Acton and Rao (6) failed to obtain positive 
intradcrmal results with antigens prepared from 
the adult guinea worm and from embryos of 
Wuchcreria bancrojti^ while hydrocele fluid was not 
specific. However, they had some degree of suc- 
cess with D. immitxs antigen prepared according to 
Fairley’s method. 

Finally, Mohr and Lippelt (7) prepared an anti- 
gen from Contortospiculum rheae from the South 
American **ostrich” and obtained positive comple- 
ment fixation results on persons infected with 
W. bancrojti. 

Most of the above-mentioned authors conducted 
tests with only one dilution of the antigen and no 
attempt was made to perform titration tests with 
the view of evaluating factors other than filariasis 
which might have influenced the reactions. For 
this reason, it vois thought that more fundamental 
work should be conducted on the problem. 

PREPARATION OF DIROFILARI/V IirMIl'15 ANTIGEN 

Adult P. immitis were obtainc<i from dogs 
sacrificed at the dog pound at Norfolk, Va.^ The 
heart was removed and the right ventricle of>enc<l 
with sterile precautions. The adult worms were 
washed in several changes of sterile saline and were 
then retained in the last saline solution until a 
sufndcnt number had been collected for a final 
washing in distilled water. The \vom\$ were 
removed immediately from the disliUed water to 
prevent bursting of the females. In oulcr to 
prevent bacterial gnr.vth due to any po?«^ib1e 
contamination during the process of removal from 
tlic heart, the worms were placet! in sterile lest 

*Thc autliors wh to express tlidr s;ratitudc to Mr. 
D. N RobertsiDn, State Game W.irdcn. Xotfolk, Vir- 
ginia, for the privalere of obtaining the adult />, 
imrrjifr. 
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tubes which were corked and transported in a 
thennos jar filled witli dry ice. A hypodermic 
needle was inserted through the thennos jar cork 
to allow the carbon dioxide gas to escape. 

On arrival at the laboratorj^ on the following 
morning the worms were in a fro;;cn condition. In 
s]Mtc of the ]wolongcd freezing, some revived after 
thawing. They were removed from the test lube, 
thoroughly cut up with fine scissors, and then 
ground in the moist state in an agate mortar. The 
material was then [ilaccd in a dcsiccatorcontaining 
phosphoric anhydride and the air evacuated to 
about 5 mm. of mercuo'' After several days it 
was again ground in the agate mortar. 

The antigen was prepared on a dra’ wciglit basis 
with an initial dilution of 1:100 in physiologic 
saline solution. The extraction was allowed to 
proceed for 24 hours in the refrigerator after which 
the material was .subjected to slow freezing. It 
was aftcniatch" frozen and thawed twice. It was 
then placed in a water bath at 56®C. for 4 hours 
with occasional shaking. After removal from the 
water bath, the material was centrifuged at 15,000 
R.P.M. for 15 minutes. Fractional sterilization 
at 56® C. for 1 hour was resorted to until representa- 
tive samples showed no bacteria! growth cither 
under aerobic or anaerobic conditions. Phenol 
was added to give a final concentration of 0.3 
per cent. 

To exclude false positive reactions which might 
be caused by host protein being carried over with 
the worms, blood scrum from a iioninfccted labora^ 
torj^ reared dog was prepared in a manner identical 
with that of the Z?. iwmiiis antigen and employed 
as one of the foreign protein control antigens. 
Also, to further c.xcludc the possibility of previous 
sensitization to foreign protein, trichina antigen 
prepared according to Boziccvich (S) was employed 
as a second protein control. Actually tlic use of 
ibis materhl as a control offered some disadi^an- 
tages since it is possible that some of the subjects 
may have harbored subclinical infections with 
TtichincUa spiralis, in which event it is also possi- 
ble tliat they may have given a specific reaction to 
the material. However, we liave had c.xtcnsive 
experience with this antigen and had knowfcdgc 
of the most suitable titer for intradcrmal use. The 
third control consisted of physiological saline 
solution containing 0.3 per cent phenol. 

INTRADERM/Vt TESTS 

The quantity of antigen injected rntrademially 
was 0.01 cc., an amount sufficient to raise the smal- 


lest j)Ossiblc wheal. The reactions were read in 15 
minutes, J hour, 1 liour, and 24 hours after the 
injection, A reaction was considered positive 
when the diameter of the antigen wheal exceeded 
by 3 mm. or more that of the control wheals. 

Two tyf>cs of reaction were encountered. The 
immediate type of reaction appeared within a few 
minutes after the injection of the D. immslls anti- 
gen and was at its ma.ximum b 3 * 15 minutes. This 
reaction consisted of a wheal, with or \nthout 
[>scudoj)odia, surrounded 63 " a zone of enthema 
and usuall 3 ’ accompanied by an intense pruritus. 
The delayed type of reaction consisted of a large 
confluent swelling with sonic crydhema. These 
delax'cd reactions were elicited on] 3 ' occasionally 
and in each aise the individual had previously 
shown an immediate reaction. In sonic eases the 
delayed response did not appear for several da 3 's. 

It was obvious from the studies of previous 
investigators that the optimal dilution for intra- 
dermal testing had not been determined. Conse- 
quenth", we began our intradcrmal titration of the 
antigen at a 1 : 1,000 dilution on individuals who 
had not been in endemic areas of filariasls. It uns 
found that tlw 1 : 1,000 dilution of the antigen gave 
false positive reactions in approximateh' 30 per 
cent of non-exposed individuals and that the same 
concentration of the various protein control anti- 
gens likcu'isc provoked reactions in some indi- 
viduals. However, in a 1:2,000 dilution the 
antigen was more specific and most positive reac- 
tions in non-infccted individuals could be screened 
out b 3 " this dilution. 

Since the worms from which the antigen was 
derived could conccivabl}’ contain a sufficient 
amount of blood scrum from the host to provoke a 
false positive reaction in individuals sensitive to 
such protein, a number of allergic individuals were 
tested as controls. Our results in these cases 
indicated that the 1 : 2,000 dilution provoked a 
considerable number of false positive reactions. 
However, when the antigen was further diluted to 
1 : 4 , 000 , most of tliose false positive reactions were 
obviated. Additional tests w'cre carried out on 
allergic individuals with a 1 :S,000 dilution of the 
D, immitis and the various control antigens. The 
results of these tests arc shown in table 1 . It utfl 
be noted that onh’^ one patient gave a positive 
intradcrmal response. However, tins indiridua 
also gave a reaction to the dog protein contro 

antigen. , 

Since a rise in temperature is encountered in 
some cases of filariasis, attempts were made to 
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evaluate the influence of pyrexia on reactions to 
the intradcrmal test. For this purpose, we selected 
for test a number of malaria patients. The tests' 
were carried out with a 1 i 8,000 dilution of the D. 
hniniits and the control antigens. The results arc 
recorded in table 2. To the best of his knowledge 
none of these individuals had been in endemic areas 
of filariasis. One gave a positive reaction to the 


gen in the same dilution as employed in the D. 
imviiiis antigen, although the response was not as 
marked as in the case of the test antigen. Two of 
the patients reacted to the trichina antigen. One 
patient reacted to all the materials, including the 
saline control; this individual was apparently 
sensitive to all of the antigenic substances as well 
as to the preservative. 


TABLE 1 


Intradcrmal tests with a 1:8,000 dilution of Dirofilaria immiiis and other antigens in allergic individuals 


rATlENT 

DIAGNOSIS 

DIKOFILARLA | 
1M1HTIS 
ANTIGEN 

DOG 

TROTEIN 

ANTIGEN 

TEIOTINELLA 

SPIRALIS 

ANTIGEN 

saline 

CONTROL 

S. D 

asthma 

0 

1x2 

0 

0 

F. D. G 

asthma 

0 

0 

1x2 

0 

C.K.M 

astlima 

0 

0 

0 

0 

J. F. P 

asthma 

0 

0 

0 

0 

J. A. H 

asthma 

1x2 

0 

0 

0 

M. J. P { 

astlima 
hay fever 

3x4 

3x4 

1x2 

0 

C. E. S 

hay fever 

0 

0 

0 

1 ^ 

G. V. C 

hay fever 

0 

1x2 

0 

0 

W. M. II 

hay fever 

i 0 

0 

0 

i 0 


asthma 

i 0 

1 

0 

1x2 

0 


Measurements in mm. 


D. immitis antigen but this individual also reacted 
to the dog protein antigen to the same degree and 
should therefore be classed as negative. One otlicr 
individual gave a reaction to the dog protein con- 
trol but failed to react to the D. irnniitis antigen. 
One patient reacted positively to the TrichincUa 
spiralis antigen but not to the remaining antigens. 

Table 3 shows the results of intradermal tests on 
25 individuals who had been exposed to infection 
with ]l\ hancrofti in edemic areas abroad. Effort 
was made to isolate microfilariae from the peri- 
pheral cirailation of these individuals by the exami- 
nation of thick smears, by following the procedure 
described by Knott (9), and by xeno-diagnosis 
carried out by feeding Aedes aegyptt mosquitoes on 
the patients between the hours of 9 p.m. and mid- 
night and later examining the mosquitoes for 
microfilariae. In spite of prolonged search, no 
microfilariae were cnamnlcR'd, However, all of 
the i^atients showed clinical symptoms consistent 
with those of filariasis and the diagnosis was made 
on these gRnmds. 

It will be noted from table 3 that all these indi- 
viduals gtivc iHirilivo rc.ictions to the 1:8,000 
dilution of the D. itnmitis antigen. However, 6 
showTcl a reaction to the dog pix^tcln onUrvd nnti- 


TABLE 2 


Intradcrmal tests with a 1:8,000 dilution of Dirofilaria 
imitis and other antigens in malaria patients 


rATlENT 

DIEO- 

riLARIA 

mMlTIS 

ANTIGEN 

DOC 

PROTEIN 

ANTIGEN 

TJNCni- 

NELt-K 

sriiL\Lis 

antigen 

EAUNK 

CONTROL 

C. E. E 

0 

3x4 

0 

0 

L. R. H 

0 

0 

0 

0 

0. A. A 

0 

0 

1 x2 

0 

J- S 

0 

0 

3x4 

1 0 

T. \V. N 

3x4 

3x4 

0 

0 

J. IV, F 

0 

0 

0 

0 


Measurements in mm. 


r^vssuT. Tr^\N*srnR studiks 

Blood was taken from 3 filariasis ca<c5 who gave 
positive intradcrmal reactions to the 1 :8.000 dilu- 
tion of D. immitis antigen hut no nraciioris to the 
control substances. Each donor supplied sufficient 
serum to inject 2 recipients. Five of the six re- 
cipients had never Kjen out of the omtinrntal 
limits of the Unittxi States. The sixth, R. H. (5., 
had Inrcn in Mexio) and HoatIura<: none had ever 
been in the vicinity of Charlt^ton* S-auth Carolina, 
lunch recipient rcccivcti 4 injectior:? of O.t cc. of 
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TABLE 3 


Infrodcmal readiom ifj ihc fihrksh patients ’uWi a 
}:S^000 dilnilon of DJrofitaria imtuitis and other 
antigens 



niRo- 

FILARIA 

JMMITIS 

ANTICEU 

DOG 

I’ROTIUN 

ANTfCE.V 

TKICIII- 

KT-LLA. 

SPIRAUS 

ANTIGEN’ 

SVLtNT 

CONTROL 

R.'L, C 


3x3 

0 

0 

R. J. A 

5x6 

0 

0 

0 

J. J. N 

7x8* 

4x5 

3x3 

3 X 3 

J. L. M 

5x7* 

1x2 

0 

0 

\V, L. C 

5x6 

1x2 

0 

0 

R. N. S 

7x8 

4x4 

0 

0 

B. G. P 

7x9* 

1x2 

0 

0 

J. P. s 

5x6 

0 

0 

0 

W. R. S 

3x4 

0 

1x2 

0 

V. S. P 

5x6 

2x4 

0 

0 

E. B. L 

7x9* 

1x2 

0 

0 

H. J. G 

7x9* 

0 

0 

0 

L. H. B 

5x7* 

1x2 

0 

0 

C. J. K 

5x7* 

0 

3x4 

1 0 

F.O. G........ 

5x7* 

2x3 

0 

0 

C. J. s 

5x7* 

0 

0 

0 

P. R. T. 

7.x 9* 

0 

0 

0 

W. E. F 

5x7* 

1x2 

0 

0 

W. G. G 

3x4 

0 

0 

0 

D. D. N 

3x4 

0 

0 

0 

R. F. T. 

3x4 

0 

0 

0 

J. R. B 

7x9* 

0 

0 

0 

R.L. J. 

3x4 

0 

0 

0 

F. C. M 

7x9* 

0 

0 

0 

». L. B 

5x7 

3x4 

0 

0 


Measurements in mm. 
* Pseudopodia. 


scrum inlradcrmally in the right arm. The sites 
wre separated from each other hy a distance of 
about 5 cm. Twenty-four liours later each pre- 
pared site u-as injected intradcrmally with 0.01 cc. 
of the foliowing materials. Site 1 received a 
1:8,000 dilution of D, immilis antigen, site 2 a 
1:8,000 dilution of dog protein^ site 3 a 1:8,000 
dilution of trichina antigen, and' site 4 physiologic 
saline solution containing 0.3 per cent phenol. 
The left arm wlucli had not received any scrum was 
injected with the above materials at the same time 
to scrv'c as a control. 

As shown in table 4, the intradermal test with 
D, immitis antigen in the prepared sites of the 
recipients gave immediate positive reactions in 4 
of 6 individuals. Furthermore, the er^^thema and 
pruritus were about as intense as in the donors and 
the other filariasis patients. In 2 of the recipients, 
no intradermal response was elicited. In the 
control areas of the left arm, the recipients failed 
to give a reaction to the D. himilis and T. spiralis 
antigens, and the saline control. However, one 
recipient gave a pos5ti\’e reaction to the dog pro- 
tein antigen. This individual had been handling 
laboratory dogs for over a year. 

COirPLEMEKT ELVATIOX STUDIES 

The following tcdinique was cmploj^cd in per- 
forming the complement flvation tests. The serum 
was used undiluted as well as in dilutions up to 
1:16. The antigen was employed in dilutions of 
1:100 to 1:1,600. Varying dilutions of both the 
scrum and antigen in 0.1 cc. amounts were used in 


TABLE 4 


Intradermal reactions svith a IiSfiQO dthiHon of variom antigens in recipients sensitized 24 hours prmousiy idlh 

blood scruynfrom filariasis patients 


VATSKUT 

$E.vsinrED ARit 

CONTROL AFAT 

Donor 

Recipient 

. T). 

tmtrfiiis 

antJ^^cn 

_ ... . 

Bop 

protein 

antigen 

r. 

ant /gen 

Saline 

control 

itr.miiis 

antigen 

Dog 

protein 

antigen 

r. 

SpiTiUs 

antigen 

Saline 

control 

W. L. C 

0. K. 

- - 

3x4 

1x2 

0 

0 


3x4 


0 

W. L. C 

C. D. B. 

3x4 

0 

1x2 

0 

0 

0 

1x2 

0 

J, R. B 

R. C. C. 

7x9* 

3x4 

0 

0 


0 


0 

J. R. B 

C. S. C. 

1 3x4 

1 1x2 

0 

0 

1x2 

1x2 

0 

i 0 

W,R. S..... 

R. H. G. 

1 1x2 

1 0 

0 

0 

0 

1x2 

0 

0 

W. R. S 

i S.H.M. 

0 

1x2 

0 

0 

0 

0 

0 

1x2 


Measurements in mm. 
* Pscudopodia. 
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each test. To each tube were added 2 units of 
guinea pig complement contained in 0.8 cc. The 
complement had previously been titrated with the 
antigen used in the test. The tubes were incu- 
bated for 1 hour at 37°C. After removal from the 
water bath, the hemolytic system consisting of 0.5 
cc, of a 2.5 per cent suspension of sheep cells and 2 
units of amboceptor contained in 0.5 cc. was added 
to each tube. Before reading, the tubes were 
incubated for an additional liour in a water bath 
at 37°C. All ncccssarj’’ control tests were per- 
formed on the test serum, the negative scrum, and 
the antigen. No positive complement fixation 
reactions were encountered in the patients in this 
series. 

With the view that perhaps our saline antigen 
did not contain sufficient antigenic potency, an 
alcoholic antigen was prepared by extracting 1 
gram of powdered 27. ivvjiitis with 50 cc. of abso- 
lute alcohol for 24 hours at 37®C. The material 
was centrifuged in a manner similar to that em- 
ployed in the preparation of the saline antigen 
after whicli 0.5 per cent cholesterol was added. 
The anti-complementary dose and hemolytic ac- 
tion were determined. Both the saline antigen 
and the alcoholic antigen were titrated against 
rabbit anti-D. immitis serum by the complement 
fixation technique described above. With the 
saline antigen diluted 1:1,600, strong positive 
complement fixation tests were obtained wdth 
scrum diluted 1:16. However, negative comple- 
ment fixation tests were obtained with the alcoholic 
antigen in all dilutions of both antigen and scrum. 

TOXIC PROPCRTY Of D. IMMITIS MATERIAL 

With a view of immunizing lab ora ton' animals, 
12 rabbits were injected intrapcritoncally with 100 
milligram amounts of the residue which remained 
from the saline antigen; the material was suspended 
in 5 cc. of saline. One rabbit died 2 hours follow- 
ing the injection and 2 other rabbits died during 
the night. On necropsy there was no evidence of 
traumatism or bacterial infection. The remaining 

9 rabbits were given a second injection of residue 
3 weeks later and one animal died 22 hours after 
this injection. A week later, the 8 remaining 
rabbits were given a thin! injection of the material. 
One animal died 5 hours later and the. second died 

10 hours following this injection. The third ani- 
mal dlcil mim undetermined causes 2 months after 
the last injection. The time interval between 


injections could not be controlled as this was 
determined b3' the availability of our antigenic 
material. 

Since only 5 of 12 animals placed on experiment 
remained alive at the end of 2 months following 
the third injection, the residue material evidently 
contained some toxic substance. Such a conclu- 
sion was further indicated by allergic manifesta- 
tions elicited in a laboratory' assistant who ground 
27. wvnilis powder on 2 occasions and suffered from 
marked periorbital edema. 

DISCUSSION 

The number of intradermal and serological tests 
in our study was limited because of our small 
supply of adult 27. mviUis. Nevertheless, our 
results indicate tliat the use of a 1 :8,000 dilution 
of 27. vtwiitis antigen along with the recommended 
control materials is of value in arriving at a 
diagnosis of filariasis. 

We are not in agreement witli Taliaferro and 
Hoffman (1) or witli Fairley (2, 3) in their belief 
that tlic use of intradermal antigens of tlic strength 
employed by tliem is of diagnostic aid in eases of 
filariasis. Although the 1:8,000 dilution of dog 
serum contains more foreign protein than would 
be carried over in the digestive tract of the adult 
27. wwiitiSy past and present cx|)cricncc indicates 
that a host protein should be employed as a con- 
trol. Furthermore, since an occasional individual 
will react to the prcscr\\ativc, it is adnsablc to 
employ' in all control solutions tlic prcscr\'ativc 
used in the antigen proper. 

Emphasis must be placed on the fact that the 
dilution of 27. itrsviitis antigen should be sudi as to 
provide positive reactions in filarial infections and 
not provide similar reactions in the presence of 
other parasites. Many previous workers have 
failed to obscr\'c this principle and have used 
materials which in many eases gave non-specific 
reactions. In our series of tests only 4 individuals 
had a history' of nematode infections other than 
\\\ barxroftu Two had harbored i h^x^kworms, one 
hookworms and TnchurlSy and one ItUhiHs* 
These individuals had been given anthelmintic 
treatment and sh(v.vi.‘<i no evidence of infection at 
the lime the present tests were conducted. A 
number of the ]iatienU had protonnan infections 
hut apparently these did not influence the 
n'actions. 

It is of interest to note th-il the intraderraal test 
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was followed by an exacerbation of symptoms of 
lymphangitis in 7 individuals and by pain in the 
scrotum and lymph glands, ]>articularly the in- 
guinal, in S otlier patients. This phenomenon may 
be connected in some manner with the presence 
of toxic materials sudi as were evidenced by the 
rabbit immunization results or witli a particularly 
powerful antigenic factor present in the filarid 
group. 

It is obvious from the local passive transfer 
studies that there is some skin sensitivity to D, 
ivwiiiis, since 4 of 6 individuals gave the Prausnitz- 
Kiistner reaction. However, not all individuals 
can be used for local passive transfer studies as 
2 of the recipients failed to react. 

Fairley (2, 3) and others obtained positive 
complement fixation results in persons having 
filariasis and their work suggests tliat the method 
might be employed in diagnosis. However, our 
technique failed to give any positi\'c reactions to 
this test. Fairlc}’ employed an alcoholic antigen 
for his tests while we used a saline antigen. How- 
ever, our saline antigen contained more antigenic 
potency than did our alcoholic antigen vdicn both 
antigens were used simultaneously against the 
scrum of a rabbit which had been immunized to the 
residue from the saline antigen. 

sumiARY 

All of 25 individuals suspected of having 
Wiicltcrcria hancrofii infections gave positive intra- 
dermal reactions with a 1:8,000 dilution of an 
antigen prepared from Diroftlaria immUis while 
false positive reactions in non-infccted and allergic 
persons were screened out by the use of this 
dilution. Only 4 of the 25 individuals had 
harbored helminth parasites other than IF. ban- 
crofti and sufficient evidence is therefore not avail- 
able from our tests to indicate whether the above- 
mentioned dilution of the antigen would 
satisfactorily screen out false positive reactions 
whicli might be due to these other parasites. 

In some cases the injection of the 1:8,000 dilu- 
tion of the antigen followed by exacerbations 
of the symptoms of lymphangitis together with 
pain in the scrotum and inguinal glands. 

Negative complement fixation tests were ob- 


tained in the above-mentioned eases with saline 
antigen ranging in dilutions from 1 : 100 to 1 : 1,600, 
althougli positi\'c results were obtained in rabbits 
immunized u*ith the residue from tlic antigen 
preparation. The alcoholic antigen appeared to 
be inferior to tlic saline material. 

By testing 24 hours later with the D, imviitis 
material, local passive h}'pcrsensitivity to D. 
tnunifis antigen was elicited in 4 of 6 recipients 
injected with the bood scnim of filariasis patients. 

Seven of 12 rabbits died while being immunized 
to the residue obtained from the antigen prepara- 
tion, a fact which would seem to indicate that the 
adult worms contain some toxic substance. 
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REPORT ON THE PROGRAM FOR IMPROVING THE TEACHING OF 
TROPICAL MEDICINE IN THE MEDICAL CURRICULUiM^ 

Henry E. IMeleney 

From the Department oj Preventive Medicine, College of Medicine, Nc^v York University 


It is a well known and regrettable fact that 
tropical and other parasitic 'diseases occupied a 
Ycr>’’ small place in the curriculum of most of the 
medical schools in this country prior to the present 
war. Recognizing the urgent need for improve- 
ment, the Association of American Medical Col- 
leges appointed a Committee on the Teaching of 
Tropical ^Icdicinc at its annual meeting in October 
1941. The Committee consisted of Dr. Maxwell 
E. Lapham of Tulane University, Dr. Malcolm H, 
Soule of the University of Michigan and myself.^ 
This Committee made a surv^ey of the instruction 
being given in the medical schools (1, 2), which 
showed that 20 per cent gave no required instruc- 
tion in parasitic diseases and 62 per cent gave no 
required instruction in tropical medicine. In 
addition, 29 per cent gave inadequate instruction 
in parasitic diseases and 30 per cent gave inade- 
quate instruction in tropical medicine. The report 
also showed that 29 per cent of the schools had no 
teaching personnel witli special training in parasi- 
tology and 50 per cent had no teaching personnel 
with special training in tropical medicine. The 
data suggested, however, that in a number of 
schools more adequate instruction could be given 
by liic personnel already available. 

Ik'forc the submission of the Committee’s report 
to the Association of American Medical Colleges 
in October 1942, consultation with Brigadier 
General James S. Simmons and with Mr. Archie 
S. Woods of the John and Mar\' R. Markle Founda- 
tion indicated that the Army and the Markle 
Foundation were interested in providing op|>or- 
tunities for inslnictors from medical schools to 
obtain intensive instruction in tropical medicine. 
Acccuxlitigly the Committee recommended that 
the .Xs^ocialion sjx'^nsor such a progmiu, and the 
AsiH'^cinlicn instructed the Committee to proceed 
with its <icvclopmcnl. The Surgot^n General of 

* Read at tlw Symj>oriuni on W.ar and Post War 
Tropical Mctiicino at the meeting of the American 
S'Kicty of Tropica! Medicine. CinemnaU, Ohio, Novc.m- 
\ycz 17 , 1913 . 

- Dr. Hiram W. Kosimax-rr of Tuhne University 
rtplaml Dr. l.apham in October. PH 2. 


the Arm 3 ^ offered to permit instructors to attend 
the eight weeks’ course in tropical medicine at the 
Arm}’' Alcdical School, and Tulanc UniversiW 
offered to give a special course in tropical medicine 
of the same length. The Alarklc Foundation made 
a grant of $25,000 to the Association, later in- 
creased to $35,000, to pay travel and maintenance 
expenses and tuition at Tulanc Univcrsit 3 \ Each 
medical school was offered the opportunity of 
sending one of its instructors to each of these 
courses. The first course started at cadi institu- 
tion on January 2, 1943, Provision was made for 
thirt}^ instructors to attend each course. Subse- 
quently, other instructors have attended later 
courses at both schools. A total of 84 instructors 
from 60 medical schools have had the advantage 
of these courses up to tlic present time. Canadian 
as well as United Slates schools have been repre- 
sented, Soon after this program was started. 
General Simmons and Mr. V/oods suggested that 
it would be advisable for these and other instruc- 
tors who had had training or were interested in 
tropical medidne to obtain a brief period of 
practical experience in the American tropics. Tlic 
United Fruit Company, the Ofiicc of tlic Coordi- 
nator of Intcr-Amcrican Affairs, the Pan American 
Sanilar}' Bureau, tlic Army and the Didsion of 
Medical Sciences of the National Rcscardi Coundl 
offered to cooperate in this program. In Fcbruar>' 
1943, a group of seven, consisting of General 
Simmons, Colonel Frank B. Waheman, Brigadier 
General Leon A. Fox, Dr. Francis G. Blake, ^fr. 
Woods, Dr. W. C. Davison and the Chainnan of 
the Committee, made a short lour of Central 
America to investigate jwdblc center^ for instruc- 
tion. The Markle Foundation appreipriatcd an 
additional $35,000 to the ;\s?odaljon of American 
Medical Colleges to finance this ]irogram. 
Anangcmcnls v/cre ma<!c for grtiups of about eight 
instructors to SjU'nd thnv weeks at a Unitcfl Fruit 
Comj>any iiospital and one wex*’: with a local ffdd 
unit of the Ofiiocr of the Cc^niinntor of Intcr- 
Ameriain Affairs in one of the Central .\mcrican 
cxvunirics. Hcrpitals in Guatcm.nli, Costa Rica, 
Honduras .and Panama, and f.dd units in Guatc- 
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mala, Honduras, El Salvador and Costa Rica were 
made available. The first group of instructors 
went to Central America in June and subsequent 
groups have gone monthly since then. Through 
the month of December, 56 instructors from 42 
medical schools in the United States and Canada 
will have had the benefit of this experience. Cer- 
tain changes have been made from time to time in 
the program, the chief one being the reduction in 
time spent at the United Fruit Compan}’’ hospitals 
and the use of the general hospitals in Guatemala 
City and San Jose, Costa Rica, where local physi- 
cians of high caliber have offered their services and 
where abundant clinical material adds greatly to 
the value of the experience. The local field units 
of the Office of the Coordinator of Inter-American 
Affairs have arranged tours on which tropical 
diseases can be seen in their endemic areas 
and on which programs of prevention can be 
demonstrated. 

Both the Central American program and the 
attendance at the Army Medical School course will 
be continued in 1944 for the benefit of instructors 
who could not be released earlier from their 
teaching responsibilities. 

Another recommendation made to the Associa- 
tion of American Medical Colleges by the Com- 
mittee was that a Distributing Center for teaching 
material in tropical medicine be established. After 
a questionnaire to, the medical schools had revealed 
a need for such a center, the Army Medical School 
took the responsibility of establishing it and the 
National Institute of Health offered to cooperate 
in furnishing specimens. The Markle Foundation 
made an appropriation of $1000 to meet incidental 
expenses. The Center began operating in January 
1943. During the first six months of operation, 
55 institutions, agencies and individuals furnished 
specimens for distribution, and during the first 
ten months of operation, 43,659 specimens were 
distributed. Not only medical schools, but army 
training centers, army hospitals and graduate 
schools have received teaching specimens. In 
addition, instructions have been distributed for 
the local collection and preparation of specimens. 
A list of illustrations suitable for lantern slides and 
a list of motion pictures had been prepared. 

In June, 1942, a Distributing Center for patho- 
logical specimens was established at the Army 
Medical Museum. It received an appropriation 
of $5000 from the Markle Foundation through the 
American Foundation for Tropical Medicine and 


is furnishing gross and microscopic pathological 
material to the medical schools. 

At the suggestion of General Simmons, the 
Markle Foundation made a grant of $40,000 to the 
Division of Medical Sciences of 'the National Re- 
search Council in the summer of 1942 for the pur- 
pose of enabling specialists in tropical diseases to 
give lectures and demonstrations at medical 
schools. The object of this program is to reach 
especially ’fourth 3 ^ear students, hospital interns 
and faculty members, and to stimulate an interest 
in tropical medicine. Lecturers from both this 
countr}'- and from Latin America have participated 
in this program. Most of the medical schools 
have had at least one lecturer and some have had 
four or five. 

Another contribution of the Preventive Medicine 
Division of the Office of the Surgeon General of 
the Arm}'', again supported b}*' a grant of $5000 
from the Markle Foundation, has been the publica- 
tion of information on the diseases and medical 
services of individual tropical countries. The 
publication of this material in book form has been 
arranged through the National Research Council 
and it will be distributed in the near future to 
instructors teaching tropical medicine, medical 
libraries and other interested individuals and 
agencies. In addition, a series of 14 maps shoeing 
the world distribuion of the important tropical 
diseases has been prepared, a set in wall size has 
been furnished to each school and a set in notebook 
size has been distributed to each fourth year 
medical student in the United States. This should 
contribute to the teaching program of these 
institutions. ^ 

It is impossible in this short review to mention 
by name the many individuals who have co- 
operated to make the program a success. This 
has been done in the Committee’s report given at 
the annual meeting of the Association of American 
Medical Colleges last month (3). 

Reports from medical school instructors who 
have attended the courses at the Army Medical 
School and Tulane University and from those 
who have obtained practical experience in Central 
America, indicate that these programs have been 
very profitable and have stimulated an interest 
which has been transmitted to the medical schools 
in the form of personal enthusiasm and an in- 
crease in the time, effort and cooperation devoted 
to tropical medicine in the medical curriculum. 
Even schools which have not participated in this 
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program arc known to have improved their instruc- 
tion. This, however, is only a beginning. The 
Commonwealth Fund and the Rockefeller Founda- 
tion 'have already granted travel fellowships to a 
few instructors for longer periods of experience in 
Latin America. The I^Iarklc Foundation is also 
interested in offering longer fellowships to those 
who have shoum particular promise or interest in 
tlieir short periods of training. Now that momen- 
tum has been developed in providing minimum 
immediate needs for the war period, it is necessary 
to look fom’ard to the post-war period when our 
interests in the health of the entire world will be 
an important element in stabilizing the peace. 
Tulane, Columbia and possibly one or two other 
universities will undoubtedly develop permanent 
graduate schools of tropical medicine equal to 
those anywhere in the world, but the developments 
must be on a much broader basis. The contacts of 
instructors from many schools with institutions 
in Latin America have created a mutual interest 
which must be nurtured. This can be done not 
only by individual travel fellowships, but much 
more effectively by the development of ofRcial 


relationships between universities in this country 
and in Latin America, by which an exchange of 
faculty members and students on a basis of equality 
would increase knowledge, stimulate research and 
contribute to friendly international relations. 
The American Socict}' of Tropical Alcdicinc, in 
cooperation ”with the Association of American 
^Icdical Colleges, may well make this a part of its 
future program for advancing tropical medicine 
throughout the world. 
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The purpose of this presentation is three-fold: 

1) to report on the activities of the American 
Foundation for Tropical Medicine during the past 
year; 

2) to comment on the Foundation’s position in 
relation to other sources of financial support for 
teaching and research in the field of tropical 
medicine and parasitology; 

3) to consider some of the possibilities for further 
development of the Foundation’s activities. 

It may be useful to preface this report with a 
brief review of the Foundation’s background. It is 
familiar to some of you, but others may find it 
helpful. 

The Amcrioin Foundation for Tropical Medicine 
was established in 1935 in Washington, D. C,, by 
the American Academy of Tropical Medicine. 
The Academy had been organized the previous 
year. The purpose of the Foundation was to 
provide a medium for contributions from philan- 
Ihropically-mindcd individuals and from corpora- 
tions with interests in tropical regions. These 
contributions would be applied, in the words of an 
Academy report dated Januar>* 23, 1935, to the 
financial support of ‘Institutions and groups , . . 
engaged in programs of rcscardi and applied work 
in this field.”* Dr. Earl B. McKinley was tlic 
first executive director of Uic Foundation. 

1 he report goes on to stale that “it is believed 
tliat by a coordinated ]>rogram, funds may be 
brought together for furthering work in tropical 
medidne in the various institutions interested in 
this field. Separately most institutions arc finding 
it difiiailt to finance adequately tlie various needs 
for this type of work. Working together under a 
representative and competent ^oi^nization, the 
full force of our needs may be better emphasized to 
pros|>cctive donors,”^ 

ntqiort for presentation at meeting of American 
Sodety of Tropical Mcxlidnc, Cindnnati, Ohio, Xovem- 
ber 17, 

* McKinley, K, B. “The Development of Tropical 
Medicine in the United States,” Report of the Sccrc- 
tar)', American .Academv of Tropica] ^^cdid^c, 1035. 
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The tragic death of Dr. McKinley cut short the 
ambitious plans for the Foundation which were 
then contemplated. Re-established in 1940 and 
incorporated under the laws of the State of New 
York with Dr., now Lieutenant Colonel, Thomas 
T. jMackic as executive director, the Foundation 
became a substantial factor in finandng the v.'ork 
of the graduate department of tropical medicine 
at Tulanc University. Its support of Uie Tulanc 
project in 1940-41-42 amounted to about $36,000. 

YOien Dr, Alackic entered the Army last year to 
become executive oOiccr of the division of military’ 
and tropical medicine at the Army Medical School, 
he was succeeded as executive director by Dr. 
J. A. Curran. 

The upsurge in interest in tropical medicine 
which coincided with this countTy’’s entry^ into the 
war had finally crystallized by the end of 1942 and 
was bringing a number of corporations which for 
long had been potential Foundation donors to the 
point of action. This provided tlic setting for tlic 
cnlagement of the Foundation’s sphere of activity 
which has characterized the airrcnt year. 

A program calling for tlic collection and alloca- 
tion of $100,000 during 1943 was adopted at the 
annual meeting last January'. 

Through tlic efforts of tlic executive committee 
and several of the directors, results for the year 
may be reported as follows: 

1) Twenty-three coriiorations have made gift^ 
and pledges amounting to $78,100. 

2) Thirteen direct grants, all rccommcndcrl for 
approval by the ?>Icdical Committee, have been 
made to 11 institutions of medicine, to the Army 
Medical Museum and to the Journal of Pamsi- 
tolog}'. 

3) Eight of tlic institutional grants have been 
for the puqiosc of strengthening and extending the 
teaching of tropical medicine and parasitology on 
the undergraduate and postgraduate level, one for 
purposes of research and two for both teaching and 
research, 

4) The Foundation, in OQ05K:rr.tion until the 
Harv'ard University School of Mc<lidr.c*s Depart- 
ment of Comjvnrativc Pathology and Tropical 
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I^Icdidnc, IS administcrig a fundamental invest!- 
gallon of Afrioin slcciilng sickness in Liberia, 
West Afriai, which includes the continuation of a 
program of treatment instituted in J937 by the 
Firestone Plantations Company. 

Resides Tulanc, Harvard, Uic Army Medical 
Museum and the Journal of Parasitolog>*, schools 
of Incdicinc which have received grants this year 
Imvc been Cornell, Duke, Manitoba, Nebraska, 
New York University, Pennsylvania, Stanford, 
Texas, Tufts and Yale. 

The purposes of the various grants were as 
follows: 

Army ^fcd^cal Museum: 

For pa>7nent of tcctmidans and clcricaJ assistance 
in Uic collection and distribution to medical schools 
of specimens iflustrating the pathology^ of tropical 
diseases. This project was financed by a special 
grant from tJic IVfarklc Foundation. 

Cornell Unttersily Medical CoUcr/.: 

Scr%dccs of a full time instructor and research man 
in tropical diseases. 

Duke University School of Medicine: 

To establish identification and distribution center 
for pathogenic fungi and to maintain a registry 
for autopsy and biopsy material from eases of 
fungus disease. Grant to pay full-time mycologic 
and pathologic technician and to buy animals and 
supplies. 

Journal of Parasitology: 

To supplement publication funds to permit an 
enlarged type page, thereby increasing amount of 
material published. 

University of Maniioha FocuUy of Medicine: 

Travelling fellowship for professor of parasitology 
and tropical diseases for special study at Johns 
Hopkins University, 

University of Nchrasha College of ^fediettte: 

For one full-time technical assistant to assist teaching 
in student laboratories and for staff research in 
amebiasis and leprosy. 

Uexv York Universily College of Medicine: 

Salary aid for full-time instructor in tropical medi- 
cine for second, tlurd and fourtli year students. 

University of Penmylvania Mcdkol School: 

Salary aid to finance expansion of teaching in parasi- 
tology and tropical diseases. 


Stanford University School of Medicine: 

Salary aid for instructor in tropical medicine who 
will also supervise preparation of new teaching 
materia/. 

University of Texas School of Medicine: 

To finance investigation of tick-borne rickettsial 
diseases on the Gulf Coast of Texas. 

Tufts College Medical School: 

To employ clinical leaching fellow in tropical medi- 
cine at Boston City Hospital. 

Tulane University School of Medicine: 

Budgctar>^ needs of Department of Tropical Medi- 
cine, 

Yale University School of Medicine: 

To expand tropical medicine teaching at Vale by 
supplementing salaries of teaching and Iaborator>' 
staff. 

The first of a scries of six-month progress reports 
have come in from beneficiaries. They reflect 
satisfactoiy progress and much useful work being 
accomplished. 

Preliminary’ work on the research phase of the 
African sleeping sickness project has been accom- 
plished at Hansard. The field treatment phase 
in Liberia has commenced and after the first of the 
3'ear rcscardi activities wdll be transferred to 
Liberia. The project is established on a one year 
basis blit may be extended to two years. With 
the cooperation of the Liberian government, which 
has been assured, there is good hope of further 
progress in the treatment and control of African 
sleeping sickness. 

Sudi, in brief, is tlie stoo’^ of the Foundation’s 
activities in the current year to date, 

II 

It seems pertinent to consider briefi}’’ tlie Foun- 
dation’s position in relation to other agencies pro- 
viding support to rescardi, teadiing and applied 
work in the field of tropical medidne and parasi- 
tology. 

At least four sources of funds to finance such 
work are apparent: 1) grants from the philan- 
tlwopic foundations, 2) governmental aid, o) 
institutional funds, 4) direct grants from commer- 
cial companies. 

Since early 1940 various of the philanthropic 
foundations have increased their interest in tropical 
medicine or have entered the field for the first time. 
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Emcrgcnc>" aid to strengthen the teaching of tropi- 
cal medicine in medical schools has been provided, 
notably by the Marklc Foundation. Large-sized 
grants for the basic strengthening of departments of 
tropical medicine have been made; for example, 
the Rockefeller Foundation’s $200,000 gift to 
Tulane in 1941 and the Macy Foundation’s recent 
gift of $150,000 to Columbia University’s College 
of Physicians and Surgeons. 

These and other grants indicate a shift in the 
interest of philanthropic foundations from research 
and preventive work to the strengthening of facili- 
ties for a better preparation of medical students 
in tropical medicine. The very breadth of founda- 
tion interest prior to 1940 may have contributed to 
what many felt to be a basic weakness so far as 
tropical medicine within this countr}'' is concerned. 
Although large contributions had for years been 
made toward research and sanitation projects in 
many quarters of the globe, verj’ few funds had 
been devoted to developing in this hemisphere good 
facilities for the tcacliing of tropical medicine. 

The consequences in terms of the lack of well- 
trained physicians for the armed forces arc well 
known to you all, as are the corrective steps taken 
through the enlargement of facilities at the Army 
Medical School and c.xpansion of training oppor- 
tunities at Tulane. 

Will the philanthropic foundations continue 
their interest in the teaching of tropical medicine 
when Uic war emergen c>' is over? Some medical 
schools have made large commitments in men and 
facilities. These must continue to be financed. 
Tile philanthropic foundations have been the most 
important private source of funds for wartime 
cxivmsion of tcacliing. Without doubt tlicy appre- 
ciate that a part of Uic responsibility for continu- 
ing support is theirs. 

Reference has already been made to the tropical 
medicine teaching at the .Army Medical School. 
Tills work and the instniction given by the Na\y 
to its medical coqis officers has constituted an 
inijwrtnnt cx^ntribution to the problem by govern- 
mental agencies. Sl.nfT members of medical schools 
as well as mc<lical oarps officers have taken tlic 
;\nny course. Among its other wide interests, the 
Offia' of the Coonlinator of Intcr-.Amcrican Affairs 
fmana'\l the fellowship for Entin American physi- 
cians enrolled in the jwstgraduatc course at 
Tulane. 

Through the National Research Council a large 
amount of public funds has been allocated to 
numcnni’i institutions for fundamental investiga- 


tion in the field of tropical diseases, most of it 
confidential in nature. The Council has been used 
as an agent by one foundation which has financed 
the distribution of teaching materials and the 
services of travelling lecturers for medical students. 

Will public funds be available for teaching tropi- 
cal medicine after the war? Probably not on the 
present scale; perhaps not even on a much reduced 
scale; and probably only for purposes which have a 
bearing on public health. 

The two remaining sources of financial support 
arc institutional funds and grants from commercial 
companies. 

Most schools have widened substantially their 
offerings in tropical medicine. Some of them arc 
perhaps financing this out of increased income due 
to the speedup of the medical course. Others 
may have secured special gifts from individuals or 
corporations. Others have simpl}'' had one of their 
teaching staff devote more instructional time to the 
subject. 

Whatever the source of funds, it seems dear that 
any allocation to tropical medicine instruction 
from inflated medical school incomes is of an emer- 
gency nature. After the war, shrinking income 
will meet c.xpanding demands for graduate and 
postgraduate training in tlie basic fields of private 
practise. How much will be left over to consoli- 
date the growth of wartime tropical medicine is 
problematical. 

Direct grants to medical schools from commercial 
companies do not yet constitute an imj>ortant 
source of financial support for the teaching of 
tropical medicine. Their interest is nalunill3' in 
research on and development of saleable products, 
niudi of it done in their own research laboratories. 
An increasing number of companies arc supi)orting 
the teaching of tropical medidne through their 
gifts to the American Foundation for Tropical 
^Icdicinc. 

This brief review of tlie main sources of finandal 
supjKjrt for tropical medidne ma}' serve to point 
up one of the problems whidi the Society and other 
interested groups should be and doubtless arc con- 
sidering. When the wartime honc^^noon is over, 
what ngcndcs xnll rally to support the expanded 
interest in tropical mcdidr4e in AmcricaTi mcrlical 
schoob? 

Ill 

The American Found.ition for Tropical ?dcdidnc 
has a major opjx>rtunily here. It can Ikcoiv.c one 
of the prime agencies to finance the omsnfidalion of 
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recent advances in the teaching of tropical 
medicine. 

The Foundation's potentialities for gronii are 
considerable. Its annual income could be doubled 
or tripled — provided that a qualified man is found 
who can serve the Foundation full time. Operat- 
ing costs, which have ranged between three and 
four per cent since 1940, will necessarily increase 
under that arrangement. But full time service is 
essential to full growth. The executive committee 
is well aware of this fact and is in search of such 
a man. 

$250,000 to $300,000 a year devoted to purposes 
such as the Foundation has aided would help sub- 
stantially to bridge the gap between %yar and post- 
war financing of medical school offerings in tropical 
medicine and parasitology and for related work. 

A modus operand! for the Foundation has been 
established. The Foundation has demonstrated 
its usefulness as a source of supplementary funds. 
Its medical committee of seven members reviews 
each application. This fact gives a measure of 
assurance of the maintenance of high standards, 
both in the selection of projects and the conduct 
of the work. Organized to serve the field of tropi- 
cal medicine, it is on the way to becoming the 
important factor in the field which its founders 
envisioned. An increasing number of corporations 
are finding it a valuable means through which to 
express their interest in building up this country’s 
resources in tropical medicine, in terms of trained 
teachers, goad research men and adequate facilities 
for both. 

Dr. Alfred C. Reed,^ a member of the Founda- 
tion’s medical committee, speaking at the Memphis 

* Reed, A. C., 'The Future of Tropical ^Medicine.” 
American Journal of Tropical Medicine, 20, 1-1 1 
Qan. 1940). 


meeting of this Society four years ago, quoted some 
remarks of Dr. IMcKinley’s which I should like to 
cite in concluding. Dr, Reed notes that Dr. 
IMcKiniey constantly emphasized the permanent 
importance cf the tropics in the world economy and 
the future relations of the United States. 

“We hope that the time will come,” said Dr. 
McKinley, “when several basic industries will 
support a public health program in the tropical 
countries in which they invest their capital, as 
one contributing form of insurance for the success 
of their enterprise.” 

A number of commercial companies have gone 
far in the development of medical facilities in 
tropical areas. But to build hospitals and treat- 
ment stations and to take preventive measures is 
one thing. To find physicians, other scientists and 
technidans trained in the treatment and control of 
tropical diseases is quite another. It is no coinci- 
dence that the United Fruit Company and Fire- 
stone Plantations Company are among the most 
generous supporters of the Foundation. They 
realize the importance of good facilities for basic 
training in tropical medicine ui this hemisphere 
and the necessity of assuring a constant flow of 
trained personnel for their own and for other 
establishments. 

As this countr>'’s commitments in tropical areas 
increase, we must develop the power to fulfil our 
commitments, w'orking in cooperation with the 
authorities of each area. Powder, in terms of 
health, means facilities and personnel adequate to 
grapple with any health problem w^e may find in 
any quarter of the globe. 

By strong measures the wartime needs of our 
armed forces in this field are being met. Equally 
strong measures are called for to meet the needs of 
the postwar period. 



BOOK REVIEWS 


^f(dical Parasitology and Zoology, By Kalpii Welty 
Nauss, V.Sc., Dr.P.H., AssL Professor of 

Preventive Medicine and Public Health, Cornell 
Univ. Medical College. Pp. i-xiv, 1-534, Figs. 1-95, 
1 Color Plate. First Edition, Paul B. Hoeber, Inc., 
New York and London. 1943. ' 

A reviewer of any book should discover first of all the 
purpose of the author in placing his information on 
record, and should then jirocccd to discover if that 
objective has been fulfilled. In the Foreword by Pro- 
fessor John C. Torrey and in tlic Preface there arc 
statements indicating that this volume is the outgrowth 
of c.xpcricncc in teaching second-year medical students 
in tlic department of public health and preventive 
medicine, Cornell University Medical College, New 
York City. In Uiis institution the subject of medical 
parasitology is allotted ten sessions of three hours each, 
during which both laboratory and lecture methods of 
presentation arc employed. The book contains not 
only the material which can be presented in tlie limited 
time available, but a substantial amount of collateral 
reading. 

The volume is divided into four parts, namely, (1) 
Protozoa, (2) Parasitic Worms, (3) Anthropods and 
Disease Transmission, and (4) Poisonous and Venomous 
Forms, and is supplemented by nine chapters headed 
“Appendices,^* a glossar>', bibliography and subject 
index. For each important parasitic infection consid- 
ered there is a description of the etiologic agent, its life 
cycle, epidemiology, pathogenesis, symptomatology, 
<liagnosis, treatment, prognosis and prophylaxis. On 
the whole there is abundant information of interest and 
value to tlic mcdic.al student. 

Chapter I, on the intestinal amebae, takes up these 
organisms first of all from a Iaborator>*’ point of view. 
The reviewer feels that Uic autlior would have been 
wise in recommending by 3 inch rather tlian one by 3 
inch microscopic slides, and D’Antoni’s iodine ratlicr 
than LugoVs solution for staining fresh fecal prepara- 
tions. Table I (Amebae: The living Trophozoites) 
refers to tlic genera of amebae by initial only (i.c., 
JL histclyika) seven pages jircvious to any full name or 
description of the species considered. Tables II and 
in also prcce<ic the first textual description of the 
organisms. This is not likely to l>c lucid to the average 
prccUnical student. In Chapter II (Amebiasis), page 
25, ‘‘amebic d\‘sentcty'* is defined as “characterized by 
»a b!co<iy muavid liiarrhca.** a conception most diiTicull 
to comprehend, since dyscntciv’ is usually understood 
to provide a stool consisting essentially of hlvHxl, mucus 
and lis^tuc detritus, while dn:rr/:f j merely unfi'^ned 
feed at times with mucous and dssuecells. 

Fig. 7 (page iliustratirg “cell picture i:i the frees 
of acute amebic d\'senicr>\“ slio’vv-s an ameba, .an intact 


lcukoc>"te, a few cr>'throc>"tcs, several disintegrating 
nuclei of tissue cells, bacteria, Charcot-Lc^’dcn crystals 
(not necessarily present in amebic dN'senter}')! hut no 
feces. Under the heading of treatment for amebiasis 
(page 42) chiniofon, anayodin and yatren may be in- 
ferred to be as distinct from one another as tlicy arc 
from vioform. The dosage is (inadvertently?) given 
as “3 or 4 cntcric-coatcd 4 grain (0.25 gm.) pills or tab- 
lets daily,** rather than the amount to be administered 
ti.d. Diodoquin is not mentioned, although emetine- 
bismuth iodide, which most American physicians dis- 
carded twenty 3 'ears ago, is allotted a separate para- 
graph. 

In Chapter HI (page 61) Triatoma niepsta is stated 
to be “tlic principal transmitting insect agent** of 
Chagas’ Disease, whereas T, infestans is a much more 
prevalent vector. In the treatment of kala-azar (page 
66) the author recommends “antimony' in the form of 
the double tartrate of sodium and potassium (tartar 
emetic),” Possibly the autlior refers to the older 
preparation consisting of a mixture of sodium antimony 
tartrate and potassium antimony tartrate, but today 
these tartrates are available separately and are pre- 
sCTibcd as such. In Chagas* disease (page 7S) reference 
is made to the diWsion of Trypanosoma cruzi in the 
Icishmania stage “in tissue cells, especially of the 
striated and heart muscle.” This host-cell predilection 
is probably much less common than tliat of the reticulo- 
endothelial cells of tlic spleen, liver, Ixinc marrow or 
even the neuroglia cells. 

The two chapters on Sporozoa and Malaria Fevers 
(y and VI) arc well written and contain much usable 
information. 

In the section on parasitic worms, consideration is 
first given (Chapter VIH) to those roundworms which 
arc propagated by soil contamination. The first worm 
considered (Entcrobitts vmnicidaris) is not propagated 
primarily as a result of soil pollution but is rather a 
household infection, cspedally in tlic sleeping quarters. 
The othcnvisc excellent di.igram illustrating the life 
cycle of this worm (page 139) is also similarly in error. 
In the treatment of oxyuriasis Iicxj'lrcsorcinol erj’s- 
toids (page 140) arc recommended as the drug of clioicc, 
altliough four-hour Seal-Ins or Enseals gentian Wolct 
mcd. is now laioum to be mucli more satiskactor)'. 
The author falls to mention th.al treatment will not he 
cfTcclivc unless all parasitized mcmlwrrs of a family art 
given tlic anthelmintic si mu 1 tan eon ‘^ty, Trichuris 
irichlnra is the mme utilirct! for the human whipworm 
but dimculty has apparently iKcn cxpcricnceil in llie 
5 ]>clHng, since diflcrcnt orthr-graphy i? found at sc%Tra! 
places in the text and apj^iendii. In ascariasis (page 
146) the diarnam of the life cs'dc of the cthd-^ic agent 
emits the mo’t o'f.mtnon mcchani* m of infection, namely 
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accidental direct transfer of infective-stage eggs from 
the ground to tlie mouth of children plajdng on con- 
taminated soil. 

The consideration of hookworm infection is on the 
whole well written. However, fig. 35 (page 152) is 
incorrect in showing the copulatory spicules of the male 
Nccalor as separated distally; they should be figured as 
fused and tipped with a single barb. In the treatment 
of hookworm infection hcxj’Iresorcinol erj^stoids arc 
recommended. (See also a similar reference for oxjairi- 
asis, page 140). In the United States tire trade name 
of Uiis preparation is caprokol. For strong>doidiasis 
(page 168) mention is not made that gentian violet 
should be prescribed as medicinal in one and one-half 
or two hour Seals-Ins or Enseals coating. 

Chapter IX (Food-Infesting Worms) considers 
Trlchinclla spiraJh and several flukes and tapeworms 
which man acquires from consuming inadequately 
processed food. The treatment on TrkhimUa and 
trichinosis is excellent, particularly because it presents 
much original work of the author. In considering the 
giant intestinal fluke, Fasciolopsis buski (page 186), no 
mention is made of the clinical study of McCoy and 
Chu (1937) indicating the high efficiency of caprokol 
(hexykesorcinol crystoids). Exception is taken by the 
reviewer to the expression ^^Tacuias, sagiuaia and so- 
(pages 192, 195) in place of “Tacma sagittaia and 
T. re/nim.” Moreover, it is difficult to understand 
how Echinoccoccus grantdosus (page 201) and By- 
menohpis mna (page 206) can be considered as ^'food- 
infesting worms** in so far as man is concerned. 

In Chapter X (Filaria and tlie Filariases), page 215 
et scq., the generic name Wiichcrerta is spelled incor- 
rectly with an umlaut «, and on page 221 the spedes 
named *b;iaJayt** is misspelled '^mafaya.** In Table 
Xn (page 234) an old-fashioned nomenclature (ante- 
1924) is used for the species of snails serving as inter- 
mediate hosts of the Oriental blood fluke, Schisfosoma 
japonictm. 

In Table XIII (pages 246-247) in the introductory 
chapter to Arthropods and Disease Transmission twelve 
technical and typographical errors occur. The map 
(Fig. 66, page 266) on the geographical distribution of 
yellow fever includes former epidemic foci in ^^exico 
and Central America which have been free of the scourge 
for two decades, while the accompanying map (Fig. 67, 
page 267) on the distribution of the yellow fever mos- 
quito (ylcdcr aegypii) does not include extensive areas 
in Central China where this mosquito breeds. On 
page 316**murine typhus** and"Briirs disease** are used 
synonymously. This is not justified on the basis of 
recent serological tests, hlany of the technical terms 
and some of the statements in this section of the book 
require a critical revision. 

Part IV (Poisonous and Venomous Forms), pages 
333-374, is an interesting section, because it includes 
the venomous snakes and management of snake 
venenation. 


Appendices I-IX (pages 377-430) contain informa- 
tion for constructing a simple vrarming stage for the 
microscope, care and use of the microscope, “pseudo- 
morphs** in stools, staining and culture methods for 
protozoa, the XIH anal swab technic for recovering 
eggs of seatworms, concentration technics for protozoan 
c>^ts and helminth eggs passed in feces, collection and 
preservation of parasitologic material, and summary 
classification and distribution tables of venomous snakes 
of the Western Hemisphere. Glossary' I (pages 431- 
438) is entitled “Classification of Animal Parasites and 
Anthropods** (sic), while Glossary II (pages 439-479) 
is a lengthy list of terms alphabetically arranged, 
their definitions and derivations. There is a 
**Bibliograpby** (pages 4S(WSS) and an ‘‘Additional 
Bibliography** (pages 488-497). The reviewer has 
been unable to discover any reason for this dmsion of 
references. 

The volume is dearly printed and attractively 
bound and contains 95 figures and a beautiful color 
plate on the malaria parasites, 0013' a few of the 
figures are original. Some of the engravings are inac- 
curate, some have been reduced too much and others arc 
poorly reproduced. 

With the errors and inconristendes “which have been 
noted, the reader might possibly believe that this vol- 
ume on Medical Parasitology and Zoolog3’’ is not a 
valuable contribution to the subject. Suci is not the 
case. Altliough it is subject to the difficulties of man3' 
a first edition, there is an intelUgcnt consideration of 
the material, much of which will be helpful to medical 
students. But until a second printing or a new edition 
can be brought out to adjust and rectify these incon- 
sistendes it is suggested that the reader check the 
technical information either against original sources or 
some other modern treatise on the particular subject. — 
Ernest Carroll Faust. 

The Principles and Practice of Tropical Medicine. By 
L. EvERHAiin Napier, CJ.E., F.R.C.P., Director 
and Professor of Tropical hfedicine, Calcutta School 
of Tropical Medidne and Senior Ph3'sidan Carmi- 
chael Hospital for Tropical Diseases, Calcutta, 
India. Pp. I-XH, 1-522. Thacker, Spink and Co. 
Ltd., Calcutta and London. 1943- 
The clinidan “will w’elcome this new' w'ork upon 
tropical medidne as it is wTitten by a noted spedalist 
espedally for the clinidan. The complete w’ork wall be 
published in tw'o volumes, the second to appear later, 
and this volume considers the following subjects: 
hlalaria, Leishmaniases, Trypanosomiases, the Rc- 
lapring Fevers, Rat Bite Fever, Leptospirosis, the 
T3^hus Fevers, Oroya Fever, Yellow Fever, Rift Valley 
Fever, Dengue Sand-FJy Group, Plague, Tularaemia, 
the Undulant Fevers, Melioidosis, the Intestinal Fluxes 
and Lepros}'. The second volume will consider Yaw'S, 
Tropical Ulcerative Conditions, Helminthic Infections, 
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Snakes and Snake-Bite, Anemias of the Tropics and 
Diet and Dietetic Diseases. 

It is impossiidc in a review to give an adequate 
analysis of tliis important work but it may be stated 
that the chapters upon malaria, kala-azar, plague and 
cholera contain tiie best clinical descriptions of these 
infections tliat the reviewer has seen within recent years 
and arc especially valuable from the stand-point of 
treatment. Dr. Napier is a world-authority upon 
kala-azar and a discussion of this infection from his 
pen would be expected to be a most valuable one and 
Uic reader will not be disappointed in this respect. 
Tlic disaission of the treatment of cholera is also most 
excellent and throughout tlic work clinical symp- 
tomatology is stressed and the clinical descriptions arc 
clear and most valuable. The author is apparently 
much concerned over ^Yhat he terms “the danger of the 
complete laboratory domination of tropical practice” 
but it would appear that this concern is really unwar- 
ranted unless he means by this domination the depend- 
ence of tropical medicine upon the Iaborator>' diagnosis 
of the infections encountered in the tropics. It is 
undoubtedly true that in this respect the laboratory 
must dominate tropical practice, for it so happens that 
the vast majority of the infections encountered in the 
tropics and sub-tropics must depend upon the labora- 
tory demonstration of their etiological agents in diag- 
nosis for one cannot depend upon a clinical diagnosis in 
such infections. This is a condition that must be faced 
by the clinician and he cannot help but admit that in 
this respect the laboratory' docs, and will continue to, 
dominate the practice of medicine in the tropics. 

It is unfortunate tliat the author will not accept the 
term “Amebiasis” in discussing infection with End- 
atr.ochii histolytica and insists upon considering this 
important infection under the term “Amoebic Dysen- 
tcr>\” A review is not the proper place to thoroughly 
discuss this subject but it may be staled that in tlius 
ndliering to this out-dated conception ol this infection 
the author stands practically alone at the present lime. 
It is also evident that he wall not change his opinion 
no matter liow cogent the reasons for doing so, as he 
slates: “I'hcrc arc many parallel examples which the 
writer could <iuote in favor of his point of view and, 
even if there arc as many tliat could be quoted against 
it, be still pro|X)<cs to adhere to his view*, as he considers 
that the adoption of this classification will help to resale 
tropical meilicinc fmm laboratory domination.” The 
author’s cx^nception that the primarj* amebic infection 
should bo called “Amoebic dv'senlciy’” and that all Uie 
other symptoms whidi arc present should be considered 
as secondary^ to dysentery* is certainly unique and not 
held Iw the vast majority of students of Uic subject. 
Also his Wief that the symptom free “carrier” Is not a 
danger in the Inxnsrnifsion of the infection completely’ 
ignores all of the evidence funu?hed by the work of 
F.v.i'it* ^^c!cnc^* and others, demonstrating that the 
Y-arioas strains of EKdanctha hisirl^tic^i occurring in 


symiplomlcss carriers arc paUiogcnic and capable of 
causing dy'sentcry', although variations do occur bc- 
bveen different strains, but no strain from such carriers 
has been proven to be non-pathogcnic. In fact, the 
autlior fails to mention most of llic decisive and exten- 
sive wrork upon amebiasis contributed by' American 
observers, possibly' because of his fear of the Ial>oratory' 
domination of the subject. In the discussion of treat- 
ment no mention is made of diodoquin and the author 
still adheres to the term ** Entamoeba histolytica** instead 
of ^^Endamocha histolytica** although the former spelling 
is against the rules of the International Commission on 
Zoological Nomenclature. The list of references for 
tliis chapter is very limited and, with only three excep- 
tions, no recent papers upon amebiasis arc included. 

However, taken as a whole, this w*ork upon tropical 
medicine is one of tlic best that the reviewer has seen. 
It is essentially a book written by a clinician for the 
clinician and in no sense a work of reference. The 
descriptions of disease arc excellent from the clinical 
standpoint and the book can be recommended without 
hesitation to the physician in tropical and otlicr regions 
where the various disease conditions discussed may 
occur. 

The book is well printed and bound and illustrated 
with eighteen full-page plates, three of W'hich arc 
colored, and one hundred and tliirty-cight cuts. — 
Charli:s F. Cr/MG. 

JJandbook of UcaUh, By George CunE\XR Siuttuck, 
M.D., AND William Jason Mixter, M.D. Second 
Edition, Revised. Fp. I-VII, 1-22S. Ilarv'ard 
University Press. 1943. 

This little book is intended “for use by' persons over- 
seas w'ho arc engaged in more or less dangerous work 
and who, from time to time, may' be unable to obtain 
medical advice or assistance” and it well fulfills its 
mission. It is written in plain, simple language which 
can be understood by the average individual and treats 
of the following subjects: Keeping Fit, Common i\il- 
ments of World-Wide Occurrence, The Tropics, Dis- 
eases Important in the Tropics, Biting Insects, Vermin 
and Snal'.cs, The Arctic, Surgery, 1‘irst Aid, and con- 
tains an Appendix in which arc considered Pacldng 
Medical Supplies and a Table of Weights and Mc.asurcs. 

A careful reading of this book has ccnvinccrl the 
.reviewer that it furnishes a most v.aluablc source of 
information on the subjects treated for tliose for whom 
the work is intended and he has no hesitation in 
in recommending it as the best work of its kind that has 
come to his attention. The Y^olurae is of p>:J:ct-5:.rc, 
and is well printed and b^jund and suitably illustrated. 
— Chas. F. CewMO. 

A ytc nuaJ cj Medical Par.ar:/,\V,-y. By* Cl.\y G. Herr, 
Professor of Pararitology, Univcrsily' of Chicaro. 
Pp. I-X, I-S$. University of adcacn Pres^. 1943. 
This small manual upon medical pare.sIto!'>gy may 
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prove useful to the classes conducted by the author at 
the University of Chicago but it is doubtful if it uall be 
as useful to the general student of medicine, as it con- 
siders the entire subject in the very limited space of 8S 
pages, U’hich cannot be done and give the student any 
real conception of the importance of parasitology to the 
medical man. The revieu’er cannot consden tiously 
recommend this manual for, in his opinion, it is inade- 
quate as a teaching manual and u'ould give tlie student 
a ver>’‘ limited knowledge of the many important 
parasites causing disease in man-kind. 

The surprising statement is made in the Preface 
that '^onc of the greatest deficiencies felt in presenting 
the laboratory work has been the lack of colored figures 
of the malarial parasites, which would make possible 
the rapid identification of the various forms in blood- 
films.” Surely the author must know that practically 
every work upon tropical medicine and parasitology 
contains most excellent colored plates illustrating the 
malaria plasmodia. The plate printed in this manual 
is excellent but no better than numerous others 
contained in the works above mentioned. — Chas. F. 
Craig. 

ClimcaJ Diagnosis hy Lahoraiory Exajjiniaftons. By 

John A. Kooier. D. Applcton-Century Co. New 

York and London. 194r3. 

Dr. Kolmer has brought together much interesting 
material in this large volume of 1239 pages. Mote than 
half of the book is devoted to the clinical interpretation 
of laboratory examinations. The remainder is given 
over to the practical application of laboratory examina- 
tions dn clinical ^agnosis, to the techme of such ex- 
aminations and to a 130 page index. Marry tabular 
out-lines appear, particularly in the first half of the 
book. Colored plates give excellent impressions of the 
various reactions to different skin tests but the im- 
portant color characteristics of the various malaria 
plasmodia are lost in black and white. Selected refer- 
ences to the literature are grouped at the condurion of 
chapters. 

Beginning with the dearly stated premise “No 
clinical or laboratory examination can be better than 
the thoroughness and skill with which it is conducted” 


this work is a guide to the just estimate and sound 
utilization of laboratory data which alone give it honest 
clinical value. The best chapters are those devoted to 
serological tests and their interpretation. Other 
chapters contain less original material and more ma- 
terial from other standard works. Ti'pographical 
errors arc not rare, e.g., atomy, page 267; Chaga’s, 
p. 296; L. ictero hemorrhagia, p. 351; S. japonica, p. 
777; X. cheopsis, p. 946; E. granulosis, p. 1057 and 
others. 

To summarize, one finds in this book many useful 
facts selected hy an author of udde experience but it is 
a work of general reference rather than an essential 
“buy” for the average ph>'sician or hospital. — ^EmsroN 
Farreix. 

The Organicaiion of JPennanetii Noiion-u^idc Anti-Acdcs 
aegypii Measures in BraziL By Fred L. Soper, D. 
Bruce Welson, Seritoo Ldm and 1Vai.dejiar Sa 
Antunas. Pp. 1-137. Illustrated. The Rocke- 
feller Foundation, New York. 1943. 

This report of the operation of an Acdcs aegypti 
campaign is published by the Rockefeller Foundation 
at the request of Sir Malcolm \Yatson, who, after ob- 
serving the methods employed by the Brazilian Govern- 
ment, in conjunction with the Foundation, urgently 
requested that the methods used be published “so that 
in otlier countries men who are faced irith the problem 
of mosquito control will have this invaluable guide.” 

The report embodies a complete and detailed descrip- 
tion of the methods employed by the Brazilian Govern- 
ment and the Foundation in the control of Acdcs aegypli 
in Brazil, which was imdertaken to prevent the spread 
of yellow fever in that country. The campaign was 
eminently successful and this report contains copies of 
ail of the various blanks, charts, etc., used, together 
with the regulations regarding inspections and the 
various methods employed for the destruction of this 
mosquito. It is a work that should be in the hands of 
every health officer, and all who are concerned In anti- 
mosquito campaigns, and the Rockefeller Foundation 
has performed a notable public service in making it 
available to the sanitarian and public health ph 3 ^sidan. 
— Charies F. Craig. 
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• IS a very useful aid in the identification of newly isolated strains 
of the Gram-negative inrcstinal bacrcria. Ex’ccptionally brilliant 
aerobic and anaerobic fermentation reactions arc produced in 
tubes of this medium. The indicator used is Phenol Red. 

Bacto^Krumwhch Tri[}j€ Sugar Agar 

• is also recommended in the idcnrificacion of strains of tJic colon- 

typhoid-iiyscnccry group. Atypical strains wliich produce 
doubcful reactions on Riissclj^s Agar generally show 

characteristic reactions in tubes of this medium. Phenol Red 
is used as the indicator, 

Bacto-Klfghr Iron Agar 

• combines the fermentation reactions obtained on RvisscU’s 
Medium with that of hydrogen sulfide production. It is 
recommended for routine use in identification of Gram-negative 
enteric pathogens. Like Russell's Medium, Bacto-Kliglcr Iron 
Agar is prepared with Phenol Red as the indicator of acid 
production. 

Bacto-Phenol Red Media 

» arc particvilariy adapted for determination oh the fermentative 
reactions of bacrcria. A selected group of complete agar and 
broth media containing the more generally used carbohydrates 
arc available as arc also the basic media to which any desired 
sugar may be added. Phenol Red is used as an indicator in these 
media because of its stability, sensitivity and definite color 
change from red to yellow in the presence of acid. 

Bactoddurph Media 

• arc new additions to our group of difTcrcnrinl media. Bacto- 
Purple Agar Base and Bacto-Purplc Broth Base are excellently 
suited for preparation of carbohydrate media for study of 
bacterial fermentation at a slightly acid reaction. The 
indicator is Brom Crcsol Purple and the final reaction of the 
media will be pH 6.S. 
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MANUAL ON THE DISTRIBUTION OF COMMUNICABLE DISEASES AND . 
THEIR VECTORS IN THE TROPICS* 

PAaFic Islands Section — ^Part I 

ED^VARD PniLPOT MDOTORD AND JOKN LtTTHER I^IOHR^ 

Stanford Unkcrsiiy 


The present manual h a wartime outgrowth of 
the senior author’s work in the Pacific Islands Re- 
search project carried on at Stanford University 
since 1939. 

Publication of the material in its present form 
is made in response to urgent requests. Revised 
editions will be issued from time to time, and final 
publication in book form will include references to 
the extensive source material consulted. This 
includes ofheial reports, occasional articles, med- 
ical and anthropological, and extensive corre- 
spondence and discussion. Suggestions for the 
expanded future editions and final publication in 
book form will be appreciated. Obser\^a lions by 
physicians now stationed in this area are particu- 
larly welcome. 

The Pacific section, of which this is the first 
part, is being prepared in consultation with Dr. 
S. M, Lambert, formerly Rockefeller Foundation 
medical representative in the Pacific, x\nothcr 
advisor has been Dr. V. W, T. iMcCusty, Director 
of !Mcdtcal Services, Fiji and the Western Pacific. 
\^aluable recent data have been rccciv'cd from the 

* The investigation has been aided by grants from 
the Josiah Macy Jr. Foimdation, 

^ Among lltosc who have rc.ad the manuscript and 
made helpful suggestions, sjxrcial mention may be 
made of Chancellor Ray Lyman Wilbur and Professors 
O. X. Andersen, G. l\ Ferris, G. S. Luclictl, S. Rafilcs, 
K. W. SchuUi, and Alfrc<l C. Re«i, of Stanford Uni- 
versity*, Professors W, B. llerms and Gordon 11. Ball, 
of the University of California; Dr. Wilbur A. Sawyer, 
Dlicclor of International Health Division, Rockefeller 
Foundation; Capt. T. J. Carter, Lt. Cotndr. D. F. 
Smiley, and I.t. (j.g.l D. S. Farner, Bureau of Medicine 
and Surgery, Department of Xavy; Capt. A. I\ Krue- 
ger, t\S.X.K,, l.al>oratory Research Unit Xo. \ ; Dr. K. 
I*, ^^cycr, Director of Hoojvrr Foundation, Univer^stv 
of California; Pref F. C. V'ausl, acting head, Depart- 
rr'.cnl of Tropical ?dcilldne, TuUne University; and 
Dr. J, F. Director of the PamritoVgy Project , 

PvA^'.ic Health Committee, Territorv' o{ Ha'.v.ali, 


Hawaii Board of Health and the Hawaii Territorial 
^Icdical Association. Acknowledgement is made 
to Dr, Ray Lyman Wilbur, Chancellor of Stan- 
ford University and Trustee of the Institute of 
Pacific Relations; Sir Ma>mard Hedstrom, for- 
merly of the Executive Council, Fiji Crown 
Colony; and Sir Philip Mitchell, Governor of 
Fiji and High Commissioner for the Western 
Pacific. Chancellor Wilbur and Sir Maynard 
Hedstrom have been unfailing sources of en- 
couragement and support. Sir Philip Mitchell’s 
specially appointed committee of medical officers 
made helpful suggestions and additions. 

The need for such a Pacific study and supple- 
mentary technical papers is indicated by the fact 
that the most recent comprehensive work on dis- 
eases distribution, the late Dr. E. B, McKinley’s 
Geography of Dkeasc^ 1935, makes no mention of 
such regions as the Japanese Mandated Islands, 
New Guinea, Papua, and the X’ew Hebrides. 
Under the auspices of the and other Founda- 
tions, the writers have published a preliminary 
report on the parasitic and other infcctiou.s dis- 
eases of the Japanese Mandated Islands (/Irwcr. 
y. Trop. Med., Vol. 23, No. 4, July, 1943). Simi- 
lar technical papers w*ill be issued for other Pacific 
Island areas not included in McKinley’s study. 

The first part of the Pacific section, here fol- 
lowing, discusses the materials by disease. Sub- 
sequent sections to be issued as supplements will 
discuss more extensive material, including ar- 
thropod vectors, geographically. The arrange- 
ment of the distribution records is uniform, in 
general from West to luist. 

A table of distribution is included. In the 
table it should be l>onie in mind that many of the 
records (c.g. all those for smallpox) arc old and 
some arc almost certainly allochthonnus (c.g. for 
Cionorchiasis). The islands groups in the landing 
arc taken from Paclf.c Jtlar.h Vfar5r'rjr, War- 
Time Fdilion, 1942, Sydney, and are usiyj a.s de- 
fin tv3 t litre. 
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TAHLE 1 

Disfrtlnttwn of Comfftutiicahlc Dhemcs in Ihc Pacific 


9 no ll 12 I u U 15 { 16 I 


M 5 ! 

U C ; 


Aclinmmxo^jfi. 
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Anthnu 

Ascnnasis 

Endll,ir>' dyscntcn* 

lJaliiUidin?i5 

Klackwalcr fever 

Bl.*istomyco<is 

Ccrcbro5pinnl meninj^itis, cpi* 

dcmic 

Chancroui 

Chicken pox 

Clonorchiasis. 

Cold, febrile 

Dengue fever 

Diphtheria... 

Diphyllobothri.a5i.<; 

Encephalitis, epidemic Icthargica. 

Eo’sipelas 

Era^thrasma 

Fasdoliasis 

Fllari.asis 

German measles 

Gonorrhea 

Gramuloma inquinalc 

Hepatitis, acute infectious 

Herpes zoster 

Ilctcrophyiasis 

Hymcnolcpis infection 

Impetigo 

Influenza, epidemic 

Leprosy 

Lymphogranuloma venereum . . 

Malaria 

Faldparum 

Malariae 

Vivax 

Measles 

Molluscum contngiosum 

Moniliasis (Soor) 

Mumps 

Mycetoma 

Mysiasis 

Oxyuriasis 

Pappalad fever 

Paragonimiasis — 
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COMMUNICABLE DISEASES 


TABLE 1 — Co7i{inued 


Paratyphoid fever 


Pneumonb, bronchial 

Pneumonia, lobar 

Pneumonitis, Bowman's. .... 
Poliomyelitis, acute anterior. 

Pyomyositis, tropical I 

Ratbitc fever 

Relapsing fever 

Rheumatic disorders x 

Scabies (and other acariascs) ... x 

Scarlet fever. 

Septic sore throat 

Small pox 

Sporotrichosis 

Stn)ng>’loidiasis 

Syphilis 

Tacniasis saginata 

Tacni.asis solium 

Tetanus 

Urea alba.. 

Tinc.a albigcna 

Tinea barbae ................. 

Tinea cirdnata 

Tinea cniris (Dhobie's itch) 

Tinea imliricata (Tokelau) x 

Tinc.n intcnligitale 

Tinea nigra. 

Tinea versicolor 

Tonsillitis, acute 

Trachoma 

l‘rcnch fever 

7'richinosis 

Tridiostrt>np>’hJS infection 

Trichuriasis 

Tropic.a\ ulcer 

Tubcrctilo'^is 

Typhoid fever 

Typhus, murine 

Typhus ?<rub 

UnduUnt fever . . 

WdlVdvfea^e 

U’h^'optr.g cough . . 

Yaws 
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EDWAUD PHUPOT MVMFORD AND JOHN LUTHER MOHR 


DISEASES OE DOUBTFUL ETIOLOGY 

Acute Infectious BepatUis (see Leptospirosis) 
{Bowman^s pneumonitis) Oaku fever 

There occurs in the Hawaiian archipelago a 
primary atjq^ical or non-specific pneumonia of 
unknown etiolog}’’ called Oahu fever or Bowman’s 
pneumonitis, cases of which are not reportable; it 
reaches epidemic proportions in the spring. 

German measles {Rubella) 

German measles occurs sporadically in New 
Guinea Territory’' and Papua. It is reported from 
Guam, the British Solomon Islands Protectorate, 
the New Hebrides, Fiji, Tonga, and the Cook 
Islands. From Hawaii it has been reported sepa- 
rately from measles from 1939-1940 to date al- 
though mention was made of it in connection ^Yith 
an epidemic m 1936-1937 and perhaps other years. 
In most 3^ears it is present in all the Hawaiian 
Islands. 297 cases were reported in 1942-1943, 

Granuloma inguinale {Ulcerating granuloma^ 
Granuloma venereuni) 

Granuloma venereum is widespread; about 6,000 
cases w^ere reported as treated in Dutch New 
Guinea in 1923-1926. In 1935 the disease was 
reported as limited to a region lying on the south- 
east of Digoel River, including Frederik Hendrik 
Island, and ejrtending as far as the Australian 
boundary. In New Guinea Territory, it is re- 
ported from north-east New Guinea, New Britain, 
New Ireland, and the Admirallties. Cases, some 
fatal, are reported from the Territoty of Papua 
and Samarai Island. It occurs in the Solomons. 
In 1920 it was described from New Caledonia. It 
is reported from the New Hebrides and Western 
Samoa. One off-shipping case, confirmed micro- 
scopically, was reported in Hawaii in 1942. 

Rheumatic fever and ^^Rkeumatisnd* 

Rheumatic disorders, particular!}’' acute joint 
inflammation, are reported from New Guinea 
Territory; they occur there in north-east New 
Guinea, New Britain, and New Ireland. In the 
Territory of Papua, rheumatic fever and rheu- 
matism are reported on the mainland and on 
Woodlark and Samarai Islands, 

Rheumatic fever is reported from Guam. Mus- 
cle and joint rheumatism is found in the Carolines 
and the Marshalls, and rheumatism occurs in the 
Marianas. 


Rheumatic fever and rheumatism are reported 
on Nauru. Rheumatic fever is reported from the 
Solomons. Rheumatic fever and acute and chronic 
rheumatism are reported from the Gilbert and 
EiHce Islands. Rheumatic fever and acute and 
subacute rheumatism are reported from Fiji, 
Rheumatic fever occurs in Western Samoa and the 
Cook Islands. 

Cases of rheumatic fever, some fatal, are re- 
ported from Hawaii, 

Tropical ulcer (Tropical sloughing phagedena) 

In New Guinea Terri tor}'' and Papua the mor- 
bidity rate from tropical ulcers is the highest of 
any disease. In New Guinea Territory in 1936 
tropica] ulcer was leported as incapacitating 10% 
of the native plantation workers. It is said to be 
more virulent in some districts of New Guinea than 
in others. In Rabaul, New Britain, for example, 
it is particularly virulent. In the western portion 
of the Central Division of Papua, on the other 
hand, less than 1% of the total population was 
infected in 1935. 

McKinley reports tropical ulcer as of doubtful 
occurrence in Guam. In the British Solomon 
Islands Protectorate, it is widespread and reaches 
its highest incidence on Malaita. It is reported 
from the New Hebrides and the Gilbert and Eflice 
Islands. 

in Fiji in 1933 the inddence is reported to have 
'^assumed almost epidemic proportions.” Tropi- 
cal ulcer occurs in the Wallis and Horn Islands, 
but it is said not to be present in Ha^vaii. 

DISEASES CAUSED BY FILTEKABLE VIRUSES, 
RICKETTSIAE, AND ALLIED 
ORGANISMS 

Chicken pox (Varicella) 

Chicken pox is prevalent but mild in Dutch New 
Guinea. It is endemic in all districts of New 
Guinea Territor}% occasionally epidemic but always 
mild. In New Guinea Terri tor}’’ it is reported from 
the mainland, New Britain, New Ireland, and 
Bougainville Island. In the Territor}’' of Papua it 
is reported on the mainland and from Samarai 
Island. 

In 1887 chicken pox appeared as a highly fatal 
epidemic disease in the Marshall Islands of the 
Japanese Mandated Group. Subsequently the 
natives appear to have developed resistance to it. 
Cases have been reported from the Palaus, Caro- 
lines, and Marianas. It is said to ha%^e reached 
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Guam shortly after the Spanish occupation of the 
island in the seventeenth century. 

Chicken pox is believed by the natives of the 
British Solomon Islands Protectorate to be an old 
disease, but Crichlow believes it to have been 
introduced there in 1915. Epidemics arc reported 
there, but the disease is not fatal. Chicken pox is 
reported from New Caledonia and the New 
Hebrides. ’Nauru Island has had small epidemics. 
It is both endemic and epidemic throughout the 
Gilbert and Ellice Islands. There arc occasional 
epidemics in Fiji and Tonga, It is reported from 
the Wallis and Horn Islands. In Western Samoa 
it is prevalent and it is reported present on Ameri- 
can Samoa and Niue. In the Cook Islands, out- 
breaks are reported on Rarotonga, Aitutaki, and 
Mangaia. It is well known in the Hawaiian 
Islands where there were 1319 cases reported 
during the 1938-1939 epidemic and 1447 cases 
during 1942-1943. 

Dengue fever 

Dengue fever has been observed frequently in 
New Guinea Terri tor}*, where it is now endemic. 
There have been cases there on New Britain and 
New Ireland. In the Territory of Papua, it is re- 
ported from the mainland and Samara! Island, 

In the Japanese Mandated Islands, dengue fever 
has been reported from the Palaus, Marianas, 
Carolines, and Marshalls. It is reported also 
on Guam. 

Dengue fever was first seen in the Solomons 
early in 1923; it may have been introduced from 
New South Wales. It first appeared in New 
Caledonia in 1884, and there have been a number 
of epidemics since. It is reported from the Gilbert 
and Ellice Islands. The disease reached Fiji in 
1885 and is now endemic. In July 1943 it was 
staled that well over 10^ of government officials 
working in Suva at that time had dengue. It is 
reported frvmi the Wallis and Horn Islands, It 
was inlmduced into Tonga from Fiji in 1930. In 
the same year it slipped into Western and Amer- 
ican S.amoa from Fiji, though it had been known 
c.arlicr in Pago Pago, Amencan Samoa. In 19,'0- 
1931 there was an oulbre.ak on Puk.a Puka (Danger 
Island) in the Cook group. 

'i'hc c.nrlic^l rqvorlt^l outbreak of dcnpic fcvxr in 
Tahiti omirrcd in 1856. There have been many 
others, s^nu' bating almost a yc.ar. In Tahiti fev.* 
inhabitants escaped, th.c cpiviemic of 1903, attheugh 
Mv'xx v.crc no deaths. In the I^eeward Islands 
Xhitc Were, liowcver, several deaths from dengue 


fever. In the ^larqucsas, dengue appeared for the 
first time with a ship from Tahiti in Fcbruar>% 
1902, Not a native was spared, and those who 
were weakened by tuberculosis or other chronic 
diseases died. It reappeared there in December 
of the same year. 

In Hawaii the first recorded dengue outbreak is 
said to have been in 1903. Cases were reported 
as recently as 1943, Both Acdcs olboprdus and 
A, aegypd are reported from Hawaii. 

aegyptt, A^cs albopicius and Cukx 
fatigans are reported in the Pacific, 

EncephalUiSf Epidemic lethargic 

Epidemic encephalitis is reported from the 
Gilbert Islands, Fiji, Tonga, and Hawaii. In the 
last group about two cases a year arc reported. 

Febrile colds 

Febrile colds arc common in the Terri tor}* of 
Papua. In the Japanese Mandated Islands and 
Guam they arc seasonally prevalent, and may pre- 
dispose the natives to tuberculosis. They arc re- 
ported in the British Solomon Islands Protectorate. 
Severe febrile colds arc reported on Nauru. They 
arc reported from the Gilbert and Ellkc Islands, 
Fiji, and Western and American Samoa. They 
arc sometimes severe on Niue. In the Cook 
Islands they arc reported from Tongareva, 
Rakahanga, and Manihiki and Puka Puka (Danger 
Island). They also occur on Pitcairn. In the 
Hawaiian Islands they arc considered an important 
hcaltli problem. 

Herpes Zoster 

Hcq:>cs zoster is reported from Nauru, Gilbert 
and Ellice Islands, and Fiji, 

Injlucnza 

Influenza epidemics arc reportex! as prc^^alcnt 
along the whole north coast of Dutch Nc;v Guinea. 
The infection is prevalent throughout the New 
Guinea Territory and is reported there from the 
mainland, New Britain, New Ireland, the Ad- 
miralties, and Buka and Bougainville Isb.nds. 

Intlucnra may have been intrr»ducc<l into Papua 
along w'ilh dysentery. Epidemic'^ have been re- 
ported from the D’Entrc'Ca'^teaux, Woodlark, 
and Trobriand groups, and Samara; Island. 

Infiucnra well V'-lablbhed in the Jrqwr.cse 
?da:idate^i l5land«- and Guam. In at least seme of 
the Mar.ds rpkicmic^ arc seZ'Vr.al. 
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Since the outbreak of the present influenza 
has been reported as epidemic in the Solomon 
Islands. There is a recent report of malign epi- 
demics with frequent attendant fakl haemorrhagic 
broncho-pneumonia. The infection is both en- 
demic and epidemic at Noumea, New Caledonia. 
About 1890 it w'as introduced into the Loyalties 
from New Caledonia, where it w'as raging at that 
^time. It reappeared in the Loyalties in 1901-1902 
and mortalities were high. It is frequently epi- 
demic in the New Hebrides also, w'ith high mor- 
tality. Naum has had repeated epidemics. The 
October, 1920 epidemic of pneumonic influenza 
there affected almost 100% of the native popula- 
tion, with a mortality of about 30%. Influenza 
is reported as endemic in the Gilbert group; and 
epidemics are reported there and in the Ellice 
Islands. 

There are frequent epidemics of influenza in the 
Fiji Islands. Rotumah, close by, remained free of 
the disease during the pandemic of 1918. It is re- 
ported from Wallis and Horn Islands. Outbreaks 
of the disease have occurred in Tonga. 

In Western Samoa the pandemic of 1918 w^as 
fatal to almost a fifth of the native population. It 
did not reach American Samoa, but milder 
epidemics have been reported from both groups. 
There w^as a violent epidemic of influenza on Niue 
in 1909, and there have been a number of less 
severe ones since tiiat time. 

In the Cook Islands, influenza is reported from 
Puka Puka, Rakahanga, Manihiki, and Tongareva 
in the northern group, and from Raratonga, 
Mangaia, Maukc, Aitutaki, and Atiu in the south- 
ern group. 

The influenza virus introduced to Tahiti from 
San Francisco in November, 1918, seems to have 
been very virulent, and the natives were highly 
susceptible to it. The death rate among the na- 
tives and half-castes in Papeete, Tahiti, at that 
time, was over 50%, The Tuamotus, Australs, 
Marquesas, and Gambiers escaped the pandemic 
of 1918. A less virulent form of the disease 
reached the Marquesas toward the end of the last 
centuiy'. Though it is generally mild, there are 
three or four outbreaks a year. The Pitcairn 
Sfedical Report records epidemics of influenza on 
that island. In the Tcrritoiy* of Hawaii, there are 
always groups of cases of influenza and often large 
epidemics. The epidemic of 1940-1941, in w'hich 
16,818 cases were reported, was of A in- 
fluenza which WMS subsequently epidemic on the 
mainland, first on the West coast and later in New 


York, During the 3 'ear 1943, 4288 cases have been 
reported. 

Lymphogranuloma venereum {Climatic bubo, Tropi- 
cal buboj Lymphogranuloma inguinale) 

Climatic bubo is reported from New Britain 
in New' Guinea Teixitor}', In Samoa tliere was an 
epidemic of this disease in 1883. It is reported 
from the Carolines. According to McKinley, this 
disease is absent from Guam, the Solomons, Fiji, 
American Samoa, and Haw’aii. Cases have been 
reported in the Hawaiian group but have not been 
shown to be autochthonous. 

Measles {Rubeola} 

Measles is reported as prevalent but mild in 
Dutch New Guinea, In New’ Guinea Territort’ 
w’here it has been reported from both the mainland 
and New' Britain there have been epidemics. 
Cases have occurred in the Territory of Papua. 

Measles is w'idespread in the Japanese !Man- 
dated area. It occurs frequently on Guam, and is 
often fatal. 

Jlcaslcs w'as introduced into the British Solomon 
Islands Protectorate in 1914 and 1915, and it is now 
endemic. It is rarely fatal there. Epidemics have 
occurred. In New’ Caledonia measles is fre- 
quently epidemic and occasionalh’ fatal. It has 
been introduced into the Loyalty Islands. 

The New Hebrides wxrc among the first of the 
Pacific Island groups to suffer from measles. In 
1861 Ancit>’um^s population w'as reduced two- 
thirds by it. Tw'o years later a *flabor vessel’^ 
from Queensland took the disease to Eronianga 
Island in the New Hebrides, where some 2,000 
people died of measles. 

The Gilbert and Ellice Islands suffered one of 
the few’ vcr>’ serious attacks of measles in recent 
times in 1936, w’hcn 14,282 cases, 100 of them fatal, 
occurred following the visit of an infected ship from 
Fiji. However, this pales beside Uic epidemic of 
1875, during which measles w'ith d>’scntcry and 
famine killed 20,000 Fijians, nearly a quarter of 
the population, within one week. At present the 
Fijians have some immunity but measles is still a 
factor with young native children. In Rotumah 
there w’as a fatality rate of 21% in 1911. It is 
now endemic in Tonga and Samoa, in both of 
w'hich groups epidemics arc reported. The na- 
tives of the Cook Islands still appear to have low 
resistance to infection; an outbreak in 1938-1959 
was reported as severe on Rarotonga, .*\itutaki, 
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Atiu, Tongarcva and Manihiki. Measles is now 
endemic in the Cook Islands. In 1928 there ^^"as 
an epidemic in the Society Islands and the Mar- 
quesas. In Tahiti, 1,349 eases were reported in a 
total population of 9,585. In tlie Marquesas 
there were 593 cases in a total population of 2,255. 
On Pitcairn Island some immunity against measles 
lias been developed. 

In Hawaii in 1937 there was an epidemic in- 
volving 13,678 eases, 205 of them fatal. Since 
then, measles has been minimized with 150 eases 
reported 1942-1943. 

^foUuscu7r: cofita^wsum 

Bwisat, of New Guinea Territory once con- 
sidered a disease sui generis, has been proved to be 
molhiscutn coii/af^tosutju The ctiologj' was worked 
out by Prowazek on a ease found by Polcck on 
Upolu, Western Samoa, ^folluscuni coftfasiositm 
is reported as widespread in the Marshall Islands 
and as occurring in Fiji and the Gilbert and Ellice 
Islands. 

Mumps 

In New Guinea mumps was more common, or at 
least more often reported, during the German 
administration, 1884-1914, than it has been in 
recent times. Cases were then reported from the 
mainland, New Britain, and New Ireland. There 
arc recent reports from New Britain. 

Mumps is reported in the Japanese Mandated 
Islands. In 1913 there was an epidemic in Guam 
with 6,320 eases among the natives. This covered 
over 50% of tlie native population. 

An epidemic of mumps in the Solomon Islands 
was report e<l in 1939. An epidemic was reported 
in the New Hebrides, 1921-1922, although PlacicH 
reported it in 1932 as unknown there. Cases arc 
rccordetl from Nauru. A few cases of the disease 
have been reported from the Gilbert and Ellice 
Islands over a number of years. 

Single eases and epidemics of mumps arc re- 
porlcti from Fiji. The infection is rcportc<l as oc- 
casionally epidemic in the Wallis and Horn Islands. 
It is rcjKWlcil from Tonga. In Western Samo.a it 
is prevalent and common among children. In 
American Samoa, it was V;nown as carlv as 1S51. 
Mu mps iK'aus in the CoV.: Islands, ci'^cs h.aving 
hern fciv’-rtcvl fnmi R.nmtonga and .Aitutaki 
Hhnds, It is rqv^rtt\l as ipMcmic in Tahiti and 
i* cndrnijr anil ommon in 1 lawah, where there was 
an epidemic of c.ws. the largest on 

tec.nd for thcd'crrilory. 


Pappatad fever (Sandfy fever) 

The distribution of pappataci or three-day fever 
is usually considered limited to areas in which sand 
flics of the genus Flebahmus abound. In the 
Pacific Islands area Pkhoto?}:us is reported from 
Port 2kIorcsby, Papua, where a common mild fever 
may be three-day fever,’* and on I^Ianus Island 
in the Admiralty group. In 193S an epidemic of 
three-day t\pc fever was reported from New 
Caledonia. These records are vciy dubious. 

Polioinyclitis, acute cutcrior 

Poliomyelitis occurs sporadically in New Guinea 
Territor\^ and the Tcrritor>’ of Papua. In New 
Guinea Territor>‘ eases arc reported on the Main- 
land and from New Britain, New Ireland, the 
Admiralty Islands and the St. Matthias Islands. 
In the Territor)’’ of Papua the disease is reported 
on the mainland, in the D’Entrecasteaux group, 
and on Samarai Island. 

In the Japanese Mandated Islands, there have 
been recorded outbreaks which may be considered 
pronsionally as acute anterior poliomyelitis.* An 
important epidemic of the disease is reported from 
Guam in 1899. 

Epidemics of anterior poliomyelitis have been 
reported in the British Solomon Islands Protec- 
torate. Cases, some of them fatal, arc reported 
from Nauru, where there was an outbreak in 1910. 
According to the Tropical Diseases Bulletin sup- 
plement for 1938, poliomyelitis ‘‘usually occurs” 
in the Ellice Islands. .A few eases are rcporlcti 
from Fiji, An outbreak of poliomyelitis was 
reported to have occurred in Western Samoa in 
1932. It is reported from Niue, but is said to be 
absent from the Cook Islands. 

Acute anterior poliomyelitis is reported regularly 
from Hawaii with inacasing morbidity rates. 

Psiilacosis 

One oil-shipping case was reported in Hawaii in 
1929-1930. 

Smallpox 

Smalljx^x has been rqK)rte<l in diiTrrcnt places 
on the north oxist and in the surrounding i«!and« 
of Dutch New Guinea. An qudcmic v.*a^ <up- 
by \*acclnation, and no ca?e? have bt-f n ob- 
serv'ed since 1917, To’.wi.ni*; the do-c* of thela«t 
century llwrc npjv^.ir to liavc fveern Sfri?>uf out- 
break® o: smnllpax in New Briuin and th.t Ad- 
mimity Hhml® tr. New Guinea Territory. 
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In the Japanese Mandated Islands, smallpox is 
ported from the Palaus, Marianas, Carolines, and 
Marshalls. It was introduced into the Palaus in 
1783 and into the Carolines in 1854, In 1856 it 
reached the Marianas. It was reported in the 
Marshalls in 1908-1909. Cases ^Yere reported on 
Guam in 1924-1925 and in undesignated places 
in the Mandate in the League of Nations reports 
for the Japanese Mandated Islands for 1926-1928. 

Smallpox has in%^ded Tahiti more than once, 
and cases were reported there as recently as 1939. 
In the Marquesas in 1863 it reduced the population 
of Nukuhiva by half, and in 1866 it killed off a 
quarter of the inhabitants of that island and 
Uapou. On Easter Island, there was an epidemic 
during the 1860’s, when the population was almost 
exterminated. Smallpox is reported also from 
the Gamblers. 

McElinley states that there has been no small- 
pox in Hawaii since 1903. A case has been re- 
ported off-shipping in 1937. Immunization of the 
entire population was undertaken in 1942. 

Smallpox is believed to be absent from the 
Solomon Islands, New Hebrides, New Caledonia, 
the Lo>"alty Islands, the Gilbert and Ellice Islands, 
Fiji, the AVallis and Horn Islands, and American 
Samoa. 

Trachoma {and EpithcUosis desqmmativa 
conjunctivac) 

Trachoma is reported as endemic in New Guinea 
Territory and the Territory" of Papua, but the 
incidence of the disease there is not high. It has 
become very common in tlie Japanese ^landated 
Islands. It is reported on Guam. 

In the British Solomon Islands Protectorate, 
trachoma is most prevalent in the San Cristobal 
and Guadalcanal districts with 6 to 8% incidence 
among the natives. It is reported from the New 
Hebrides, Nauru, the Gilbert and Ellice Islands, 
Tonga, Western Samoa and the Cook Islands. 

Trachoma is still present in Fiji, but the pro- 
portion it has to the total of e}^ diseases, which 
are common in some parts of the group, is un- 
known. In Hawaii over a thousand cases have 
been reported in a single year. However, the 
Territorial Bacteriologist says that at present only 
about one case per month is reported. 

Leber and Prowazek separated from trachoma 
as a separate disease entity, epitheliosis desquama- 
tiva conjunctivac. It is a virus disease which they 
state occurs in New Guinea, Saipan in the 


Marianas, New Zealand, Tonga and Samoa, 
Lambert refers to a “trachoma-like*^ condition in 
Fiji. Bom observed on Yap in the Carolines. a 
disease like follicular conjunctivitis which he be- 
heved might be trachoma; this may be related. 
On Guam there is among children a widespread 
chronic follicular conjunctivitis resembling 
trachoma but without its characteristic sequelae. 

The identity with or separation from trachoma 
of these conditions awaits application of modern 
techniques. 

Trench fa^er 

A case of trench fever, a disease now believed to 
be caused b}'' Ricketisia^ has been reported from 
LcNnika, Fiji. Pcdkulus hnmanus is reported 
there and elsewhere in the Pacific. 

Rickcitsioscs {Scrub typhus and Endemic or mtirhit 
typhus) 

Scrub t>^hus (~ mite fever or tsutsugamushi 
fever) is absent from Dutch New Guinea, accord- 
ing to DeRook, but the presence of possibly suit- 
able mite vectors in that colony and the proximity 
of cases in the Mandated Territon' in an area not 
separated by important natural barriers leaves the 
question in doubt. 

In New Guinea Territory’' a similar exanthem 
was reported during the period of German ad- 
ministration at Rabaul and Kokopo, while au- 
thenticated cases are now recorded from Green 
River and the lower Sepik drainage, from Aitape, 
Wew^ak and Madang on the coast, Karkar Island, 
the Watut (Buhva-Bulolo-Wau gold fields area) 
and Ramu River valleys and from the Kokopo- 
Bita Paka area on New Britain Island. With one 
exception (a Chinese girl), the disease has been 
in occidentals. 101 cases ha%^e been reported 
currentl}'- as treated at the U. S. Anny 1st Evacu- 
ation Hospital, New Guinea. An outbreak in 
natives, possibly of the same disease, occurred 
near Kieta, Bougainville Island, in 1930, 

Fatal cases among native hospital orderlies at 
Port Moresby, Papua, have been ascribed to scrub 
t}q)hus and two non-fatal cases of that disease 
in Europeans working in the Laloki valley have 
been confirmed serologically. During the Buna- 
Gona campaign (along the northern coast of Papua 
Territory) the disease appeared among allied 
troops vrith a number of fatal cases. In this 
outbreak serological and histopathological diag- 
nosis of scrub tj'phus was made. 
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Cases of typhus fever fe'phus cxanUicmaticus) 
were reported as acquired in Ponape (East Caro- 
line Islands) during the German occupation. 

Innes obscrv’cd an outbreak suggesting tjqihus 
in the soutbcn\ portion of Malaita, Solomon 
Islands Protectorate. Poicck identified eight 
eases of an c.xanthcmatous fever in Western 
Samoa as pseudo-typhoid of Schuffner (i.c. scrub 
t> 7 >hus). 

Endemic (murine) t> 7 )hus fever, serologically 
similar to the Wilmington strain, is nddespread and 
a major health problem in the Territory of Hawaii. 
Rats of Honolulu have been found to act as re- 
servoirs of the rickettsia and fleas (experimentally) 
to scrv'c as vectors. Approximately 80 eases, 
about two thirds of them in Honolulu, arc re- 
ported yearly. The eases arc sporadic and rarely 
involve more than one person in a household. A 
vcr>’^ few deaths have been recorded since the first 
reports of the disease (as BrilVs disease, 1914) 
from the archipelago. 

VcUo:v fever (?) 

A ease of yellow fever was reported to have been 
landed in Hawaii in 1911. and tlic native watch- 
man stationed as guard over the patient “was taken 
sick at his home.” The Report to the League 
of Nations on the Japanese Mandated Islands re- 
cords a case of yellow fever treated at a South Seas 
Bureau Hospital in 1930. It seems more likely 
tliat acute infectious hepatitis or epidemic jaun- 
dice (g, t\) was involved. 

Aafes oef;y/>!tf the vector responsible for ex- 
tensive outbreaks of urban yellow fever elsewhere 
is widespavid in the Pacific. 

Although the Hawaiian eases were reported be- 
fore the use of visa'rotomy and the ^'protection 
tests.” the diagnoses of yellow fever were made by 
experienced authorities, and the cases were re- 
cord c<i as yellow fever in the annual reports of the 
Unilctl States War Department and Public Health 
Service. So certain were the Hawaiian citizens 
.and officials that the dingno5<'S v.*crc concct, that 
they spent over $ 100.000 on immediate yellow 
fever preventive mca<urc>, 

DisrAsns cwsrn nv BAcrmiA 

.{fjpVn.v 

There .an* rv!><'‘rt5 of .anthrax from the J.apanc<c 
M.mdatrd Islands. NVv Ca!c«ionia and llanaii. 
Pa Hanali one tep.wtcvi every tveo 

ye\r-. 


As:af!C c/:c!cra 

It is reported that on at least one occasion, in 
1913, the specific organism of Asiatic cholera was 
identified under conditions which pointed to the 
unrecognized existence of sporadic infection in 
German New Guinea. 

In 1901 an epidemic of a disease similar to Asiatic 
cholera was reported in New Caledonia. Five 
eases of the disease were reported there at that time 
on a ship from Java. In 1903 two eases of Asiatic 
cholera were confirmed in an orphanage near 
Noumea. 

McKinley reports that there has been no Asiatic 
ciiolcra in Hawaii since 1890, but its existence 
there in 1895 is recorded. 

Bacillary dysentery 

In Dutch New Guinea, badllaiy dysentery is 
occasionally prevalent in small epidemics on the 
north coast and nearby islands. 

From an economic point of view, bacillary dv’sen- 
tciy', with complications, is the most important 
disease in New Guinea Territory. It was violently 
epidemic there from 1885 to 1887 and has remained 
in .a milder epidemic form. It is one of the princi- 
pal anuses of morbidity and death. The League 
of Nations Report for the Tcrritor>’ in 193r.-l937 
refers to the isolation of the Flexner dysentery’’ 
bacillus, and to a strain allied to the Schmitz t\*pc 
and pronsionally named Bacillus rahauknsis. 
Bacillary* dysentery due to true Flexner infections 
predominates over those due to "Rabaul ly*pc 
bacillus.” The disease is reported in the Territory 
specifically* from the New Guinea mainland, New 
Britain, New Ireland, and Bougainville and Buka 
Islands, On New Britain, where it claims numerous 
victims, the annual indcicncc wave is usually at a 
peak in the dry* weather between M.ay and August. 
11) c Flexner tyqio of <ly*senlcry v'as epidemic in 
1928“'l929 at Rabaul; Shiga was found in two eases 
there in 1926-1927, and Y strain ‘A-as fount! in the 
majority of cases therein 1922-1923. The longue 
rc]>orlsfor 1928-1926 rranl an epidemic of Ilcxncr 
dysentery at Kavkng, New Ireland, where the dis- 
ease is said to he endemic. The 1935-1936 rcjvart 
states that the disearc is epidemic on Bougainville 
Island, and in the follaiving year it 'at.s rejnrtoi on 
the adjacent island. Buka. 

Bacillary* ha? pTcv;ou?!y been rcp.-^rtel 

as. an irAp-^nant proMcm in Tapua. In 1926 there 
averc still a few ca’^cs and at tirr,’. ? small epidemic^. 
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One early epidemic, data un?|)oclfic<i, i? said to 
Jiave ^Vaged for tiiirtcen arul depopulated 

great tracts of country entirely/^ Ultimately the 
di5ea5C became endemic, ami it remains^ 50 today. 
From 1S99 to 1914 bacillary dysentery was 
lifted in official German reports from Saipan in the 
Afaranas, Vap and Pounpc in the CarohVies, and 
Jaluit in the Alarshall?. However, after the 
islands came under the Japanese mandate, in the 
reports to the League of Nations, no separate 
entries are made for hacillan' (lysentery; it is 
merely included in the category “diseases of the 
digestive tract," 

In Guam, bacillary dysentm* was epidemic in 
1924-1925, 

D>’5cnlery, mainly bacillaty, is rcportwl as 
responsible for tlic hea\y death rate in the Solomon 
Islands, Outbreaks were rcpnrtcti there in 1936 
and 1937, and in 1939 the disease was reported as 
endemic and widespread. 

In 1921-1922, Davies stated that the New 
Hebrides appeared to be free of bacitlan' dysentery*, 
but in the New Hebrides Annual Report for 1923, 
it is reported as “one of the main causes of death." 
The disease is reported in Noumea, New Caledonia, 
An outbreak of bacillary’ dysentery among Chi- 
nese employees at the Pacific Phosphate Company 
on Nauru was reported as early as 1905-1907; it 
was probably of the Shiga Upc. The British 
Administrator of Naum has recorded a number of 
eases since. In the Gilbert and Ellice Islvincis it is 
reported as prevalent and endemic. 

A number of epidemics of bacillary dysentery 
have been reported from Fiji. The outbreaks of 
1930 and 1931 were of the Shiga t\pe, while in 1932 
the FIcxncr t\pc predominated. In 1936, Shiga, 
FJc.\'ner, SchmiU, and Sonne strains were all re- 
ported. It lias been suggested that the bacillary 
t>'pc was introduced at the same time as measles, 
in 1875. It is now endemic there. 

Badllaiy* d>*sentciy' occurs in 3'carly epidemics in 
American Samoa. In a 1930 report of its presence 
there, cultures were reported negative except in 
two instances in which the Flcxncr-Strong type 
was recovered. In Western Samoa it is reported 
as prevalent and epidemic. 

In 1926, bacillary* dy’scntcr.v was reported as 
uncommon in the Cook Islands. In the Territoty* 
of Hawaii, Flexncr, Sonne, Hiss and Strong dysen- 
tery* are endemic, but Shiga is not known to be 
present. 


Ccrcbrospifuil epidemic (cpidanic 

ecrehrosphiol fever^ incmn^ococca! iKcnbtgtiis) 

Cerebrospinal meningitis occurs sporadically in 
New Guinea 7 erritory and Papua. It is reported 
as a common cause of death in New Britain. It 
occurs in New Ireland also. 

In llie Palau Islands, infectious cerebrospinal 
meningitis has been reported among the Japanese. 
In Guam, cases arc rci)ortc<l as recently as 1940- 
1911. 

Cerebrospinal meningitis is not endemic in the 
British Solomon Islands Protectorate but it has 
been introduced and may* ocair in epidemic form. 

An outbreak of cerebrospinal meningitis on 
board ship of? Noumc.a, New Caledonia, was re- 
ported in 1921. Sixty’-six coolies were infected; 
twcnty-eiglit dial. An qu'dcniic of cerebrospinal 
fever was rcportwl in the New Hebrides in 1921- 
1922, and eases of cerebrospinal meningitis were 
rcportwl there in 1930 and 1932. A fatal case of 
meningococcal meningitis was reported on Nauru 
in 1935. 

Davidson has described an epidemic of cerebro- 
spinal meningitis which started in Fiji among 
emigrants from New Britain and New Ireland. 
There were 12S eases, of which 90 terminated 
fatally*. AIcningococcaJ meningitis and cerebro- 
spinal meningitis, usually considered synony*mous 
with epidemic cerebrospinal fever, were reported 
in Fiji in the period 1935-1937. Cerebrospinal 
meningitis is reported from both American and 
W^esteni Samoa. 

Meningococcal meningitis was rejjorted by the 
Hawaii Board of Health at least as early* as 1882- 
1883. An outbreak of 203 eases of the disease with 
79 deaths occurred during 1929. Cerebrospinal 
fever fatalities are recorded cacli yxar from 1931- 
1938, none in 1938-1939, but again each year to 
1942-1943, when 37 eases were reported from the 
Territory*. 

Chancroid 

Soft chancre has been reported from New Brit- 
ain, New Ireland, the Caroline Islands, the 
^Marshalls, Nauru, the British Solomon Islands 
Protectorate, Fiji, Western Samoa, and Tahiti. 
Hawaii had an epidemic of 25 eases during the 
summer of 1942. 

Diphtheria 

Lambert reports tliat diphtlicria occurs in a mild 
form in many* of the islands of the Soutli Pacific, 
but it rarely becomes malignant. 
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The infection is reported from Dutch New 
Guinea, New Guinea Tcrritor\% the Tcrritor>" of 
Papua, New Caledonia, the New Hebrides, the 
Japanese Alandatcd Islands and Guam, the Gilbert 
Islands, Fiji, Tonga, and Hawniii- AlUiough it is 
not knovsTi to exist in the Solomons, eases resem* 
bling it have been observed there. 

On New Britain in New Guinea Territory, there 
TOS an abortive outbreak in 1935, when a strain 
indistinguishable from Coryncbaclcrium diphthcriac 
was isolated. It proved avirulent in the labora- 
tor^^ In the Territory of Papua a few eases of 
diphtheria have occurred, alwaj^s during the cold- 
est parts of the 3 ’’car. 

In 1928 there were 35 eases of diphtheria in New 
Caledonia on board the Cassiopde. Three eases 
were reported on tlic island in 1937. 

In 1932, Pladdi reported that diphtheria was 
unknouTi in the New Hebrides; three eases, how- 
ever, had been reported there in 1928. The dis- 
ease exists in the Gilbert Islands. In Fiji, it has 
been reported that clinical cases occur only spo- 
radically and vuruJcnce is low. However the 
Klebs-Loeffler badllus has been isolated, carriers 
are not uncommon, and there arc grounds for 
belicdng that a more virulent type of diphtheria 
is on the increase. 

At Nukualofa, the capitol of Tongatabu, Tonga 
Islands, two cases of diphtheria were isolated in 
1932. According to the Resident Commissioner 
of the Cook Islands, diphtheria is not known in 
that group. 

In Hawaii, records of diphtheria arc given in the 
reports of the Board of Health as early as 1901. 
The disease is reported regularly throughout the 
Territory. Most cases are of the intermedius 
strain, the mitis strain being occasional and the 
g^a^ds strain rare if not absent* 

Erysipelas 

In the Japanese Mandated Islands, cases of 
erysipelas are reported in the Palaus, the Mari- 
anas, the Carolines, and the Marshalls, The Re- 
ports to the League of Nations contain references 
to cases among both Japanese and natives. It is 
listed from Guam as recently as 1940-1941. 

Cases of erysipelas are noted annually in the 
British Solomons Bhtc Book, In the Nauru Re- 
ports of the Administrator^ one case is noted each 
year from 1922-1926. The disease is reported in 
the Gilbert Islands. In Fiji, from 1 to 3 cases 
were listed annually from 1932 to 1938. 


Erj'sipelas is reported from both Western and 
American Samoa, and isolated cases have been 
recorded in the Cook Islands. The Hawaii Board 
of Health reports the disease there as earty as 1888- 
1889. In 1937-1938 there were 67 eases, but 
since then the number has fallen to about two a 
montli. 

Gonorrhea 

In Dutch New Guinea, gonorrhea is said to be 
'^slightly prevalent” in places where Malayans 
have settled. In New Guinea Territory it is 
endemic wherever indentured laborers have come 
in contact with the coastal tribes. As carh'^ as 
1903-1904, it was reported as the most common 
venereal disease of the natives of north-east New 
Guinea and of the residents of Kokopo, New Brit- 
ain. The League of Nations reports on New 
Guinea Tcrritor>’ mention a village in the Talasca 
District in which 80% of the adults were found to 
be infected. Kersten records gonorrhea as very 
common in New Britain. In 1905 it was reported 
to be a ^virtual plague” at Karieng, New Ireland, 
and spreading all over the islands. The Reports 
to the League of Nations on New Guinea Territory^ 
in 1925-1926 indicate that the northern part of 
New Ireland is heavily infected, although the dis- 
ease is not common in Namatanai, about 135 miles 
south-east of Kavieng. The same report states 
that gonorrhea is very prevalent on Bougain\nlle, 
rare on Buka Island, and of 6.3% incidence on 
Alanus Island in the Admiralties. In 1933 it was 
stated on the strength of earlier observations that 
infectious venereal diseases did not occur in the 
St. Matthias group, but they ma}’' do so now. 

Strong states that in the Territor 3 " of Papua, 
gonorrhea is especially troublesome in particular 
districts, though on the whole “less prevalent than 
in a civilized European count^ 3 ^” It is reported 
on both Samarai Island and the Papuan mainland. 

In the Japanese Mandated Islands, gonorrhea is 
reported from the Palaus, Marianas, Carolines, and 
Marshalls. The 1932 Report to the League of 
Nations stated that 33% of the natives on Yap 
in the Carolines were suffering from this infection. 
It is also reported from Guam, 

Cilento states that throughout Melanesia gonor- 
rhea is prevalent and widespread in areas where 
laborers have returned from indenture, a view 
concurred in by Strong. Cilento reports a marked 
resistance of the disease to treatment. 

In the British Solomon Islands Protectorate, 
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gonorrhea is reported as fairly common in the ports, 
and on certain parts of the coast, particularly 
southern Guadalcanal In the New Hebrides, 
Lambert reports it as becoming increasingly com- 
mon, while Placidi regards it as rare there. Ker- 
morgant reported gonorrhea in imported Japanese 
miners in New Caledonia and feared that it would 
spread. IMost of the 62 hospitalizations for vene- 
real disease in New Caledonia in 1929 were due to 
gonorrhea. Fifty per cent of the Javanese in New 
Caledonia are reported to be infected. Most of the 
males in the Loyalty Islands have gonorrhea. In 
the Gilbert and Ellice Islands there is evidence 
that the disease is gaining. Cases are reported 
from time to time at the British Government Hos- 
pital and the Phosphate Company hospital at 
Nauru. In Fiji, gonorrhea is reported as common. 
It is reported also from Tonga. 

Gonorrhea has been reported as increasing in 
Western Samoa. Buxton snys that although it is 
sometimes maintained that Samoans are immune 
to gonorrhea, of five urethral smears in which 
Gonococcus \Ya.s found, four were from pure-bred 
Samoan males, and he suggests that more natives 
are infected than is realized. In American Samoa, 
gonorrhea has been reported in both the natives 
and the naval personnel. 

Cases are reported in the Niue Resident Com- 
missioner’s reports, 150 in 1932 alone. Gonorrhea 
is said to be very common but not always reported 
in the Wallis Islands. In both Wallis and Horn 
Islands, it is rarely treated in dispensaries. In the 
Cook Islands, Lambert reports it as uncommon 
outside of Rarotonga. 

Gonorrhea is reported as increasing in Tahiti. 
In the Marquesas, as Buisson points out, it is apt 
to disappear for periods only to break out in an 
epidemic after a fete or the arrival of a ship. In 
the Tenitoxy of Hawaii, nearly one hundred cases, 
most of them from the Island of Oahu, are reported 
month!}" to the Board of Health. 

Impetigo 

Impetigo has been reported as common in New 
Guinea Territor>". It is said to be one of the chief 
diseases encountered on Guam. In the British 
Solomon Islands Protectorate it is reported as 
widespread among the natives. On Nauru the 
Administrator lists from two to fourteen cases 
annually. 

Impetigo is reported as common in the Gilbert 
and Ellice Islands as well as on Fiji, in Western 


Samoa, and on Niue, It has been reported in the 
Wallis and Horn Islands. In the Cook Islands it 
is said to be relatively rare. 

Buisson reports impetigo in the Marquesas. In 
the Hawaiian archipelago it is mainly a disease of 
children. During the fiscal year 1942“1943, 261 
cases were reported from the Territor}% 

Leprosy 

The presence of leprosy in the Pacific Islands has 
long been kno^vm. The dates of introduction are 
of importance, for in the regions infected earliest, 
the disease has passed its maximum incidence and 
severity. In relatively recently infected regions, 
the disease is likely to be very severe. ^ 

Leprosy is reported throughout Dutch New 
Guinea to a light extent, except in one region on 
the north coast. 

In Ne^v Guinea Territory it is reported pre\^lent 
in all districts. Cases are listed specifically from 
north-east New Guinea, New Britain, New Ireland, 
New Hanover, the St. Matthias Islands, the Admi- 
ralty Islands, and Bougain\ille and Buka Islands, 
On New Ireland, lepros}’' was noted as early as 
1837; 32 cases were reported there in 1928, and by 
1935 there were 547. On New Britain, the first 
case was reported in 1906, infection ha\dng been 
attributed to contact with the Chinese, and by 
1937, 500 cases had been confirmed bacteriologi- 
cally. 

Leprosy is said to be of recent introduction in 
Papua. It is reported as prevalent in all districts, 
and cases are recorded specifically from south-east 
New Guinea and the D’Entrecasteaux, Louisiade, 
and Trobriand groups. 

In 1935 it was stated that there had been a large 
number of lepers scattered all over the Japanese 
Mandated Islands from early times. The disease 
was specifically reported from the Palaus, the 
Marianas, the Carolines, and the Marshalls. Lep* 
rosy was not considered common on Guam during 
the United States Administration, 1898 to 1941, 
though 113 cases were knovm there in 1907. 

In the British Solomon Islands Protectorate, 
leprosy is widespread, and new cases are being 
found continually. Incidence is said to be heavier 
in the bush than in the coastal areas. The disease 
is reported especial!}" on Malaita, N’Gela, (Flor- 
ida), Guadalcanal, Ysabel, Gizo and the eastern 
Solomons, in order of severity, though it is reported 
from all districts. 

Leprosy was brought to New Caledonia by the 



COjMMUNICABLE diseases 


13 


Chinese and it is at present the most serious disease 
there. 

Leprosy was introduced into the Isle of Pines by 
natives from New Caledonia after the insurrection 
of 1878. Infected and suspected cases involved 
5.8% of the island population in 1924. The dis- 
ease appeared in the Loyalty Islands about the 
same time as in New Caledonia, 

In the New Hebrides no census of leprosy has 
ever been taken. Pentecost Island in this group 
was called Leper’s Island on the early charts, 
confusion apparently having arisen from the in- 
ability to distinguish between this disease and 
ulcerative tertiary yaws. Leprosy was brought to 
the New Hebrides from Queensland and New 
Caledonia by repatriated Kanakas, but it is not 
sufficiently common to be a serious social danger 
there. 

The history of leprosy on Naum appears to have 
been brief. It was introduced there between 1910 
and 1914, but there appears to have been no visible 
evidence of the infection among the population 
in general until 1920, when four cases were reported 
as suspected. An epidemic of influenza in 1921 
affected the entire population, and the resulting 
lowered resistance may have been responsible for 
some of the ten cases of leprosy discovered in 1921 
and the 193 cases (30% of the population) segre- 
gated by 1924. Since that time there has been 
a gradual decline in morbidity. No new cases 
were reported in 1938. 

Leprosy occurs on all of the islands in the Gil- 
berts, but the disease appears to be absent from the 
Ellice group. Cases are reported from Rotuma. 

The island of Makogai in Fiji is devoted to the 
treatment of leprosy. Under a cooperative 
scheme its facilities have been extended to New 
Zealand, Rotuma, Tonga, Samoa, Niue, and the 
Cook islands. 

Leprosy is reported in the Wallis and Horn Is- 
lands, and in Tonga. In 1892 Davies offered the 
first medical evidence of the disease in Samoa. It 
must, however, have been present there for some 
time before this. Cases are reported in Niue. 
Tokelau was unthout leprosy in 1927. 

Tongareva or Penrhyn in the Cook Islands is 
described as a 'ffiotbed of leprosy”; the disease 
was introduced there in 1885 from Hawaii. The 
infection is repotted as prevalent in the northern 
Cook Islands, especially on Tongareva. In the 
south, Palmerston Atoll, Aitutaki, Rarotonga, and 
Atiu have had cases. 


Leprosy is said to have been in Tahiti since 
ancient times. Some maintained that it was 
introduced by the Chinese, but missionaries were 
of the opinion that the disease existed there earlier. 

In the Marquesas also, leprosy is believed to 
have existed before the arrival of the Chinese. 
Ciavel, who went there in 1881-1882, maintained 
that at that time leprosy was more prevalent there 
than in any other country in the world, and he 
maintained that the Marquesans had known the 
disease from time immemorial. In the Tuamotus 
and Gamblers it has long been disastrous. In 1935 
Massal stated that the Tuamotus threatened to 
become vast leprosaria unless the rapid increase of 
the disease was checked. At that time 56 of the 
340 inhabitants of “Rheo,” and 23 of the 180 
inhabitants of Puka-Ruha were reported to be 
infected. 

Leprosy is reported also from Rapa and the 
Tubuai-Australs, and from Easter Island. 

Leprosy was introduced into the Hawaiian group 
about 1850, and segregation has been carried on 
there since 1864. Since 1921 about three cases 
have been reported monthly from the Territory. 

Paratyphoid fever 

Paratyphoid fever is reported as uncommon and 
mild in New Guinea Territory and Papua. The 
reports to the League of Nations record it from the 
Japanese Mandated Islands. Some cases of para- 
typhoid occurred on Truk and Ponape in the 
Carolines. A violent outbreak of tjq)hoid and 
paratyphoid on Tinian Island in the Marianas is re- 
ported to have infected over 300 victims between 
1929 and 1931. According to the 1926 Annual 
Report of the Governor of Guam, no cases of para- 
typhoid were diagnosed there, but the disease is 
recorded in the same series of reports for 1923-1924 
and for 1931-1932. 

McKinley reports that typhoid and parat3T3hoid 
fevers are not present in the British Solomon 
Islands Protectorate. Horack, however, reports 
'Typhoid-paratyphoid” as endemic, and sporadi- 
cally assuming epidemic proportions there. Para- 
typhoid is reported from New Caledonia, and .the 
New Hebrides, Fiji, American and Western Samoa, 
and the Cook Islands. The Pitcairn Island Med^ 
ical Report for 1937 notes a case on a passing 
freight steamer. 

Paratyphoid has been listed separately from 
tjTphoid in the Hawaii Board of Health Reports 
since 1939-1940, A mass immunization program 
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wns coiuluctcd throughout the Territory in 1942 
against typhoid and paralyplioid fevers. Only one 
case (paratyphoid A) of paraUphoid fever has ])cen 
reported since Uic mass imniuni?:ation, (uj) to 
September 1943). 

Phfiuc 

Yap in the Carolines had an outbreak of 143 
cases of phguc in 1910-1911. 

Plague was introduced into Noumea, New Cale- 
donia, in 1899. The epidemic raged into March, 
1900, and eases were observed in 1901. In 1903 
it appeared in the northern part of the island, and 
in 1905 and 1906 at Noumea again. In 1912 it 
again broke out in serious proportions, and by 1917 
it was regarded as endemic. In February, 1941, 
there was an outbreak of bubonic plague at the 
Port of Goro, folio weel by two fatal eases of pneu- 
monic plague in November of the same year. The 
source of infection seemed to be native brush 
coconut tree rats. An additional ease of pneu- 
monic plague appeared in New Caledonia in 
September, 1942. 

The first rcportal eases of plague in the Hawai- 
ian Islands occurred in Honolulu in December, 
1S99. The disease appeared on Maui and Hawaii 
in 1900, and in Kauai in 1901. Infected rodents 
and infected fleas arc endemic along the Hamakua 
coast on tlic island of Hawaii and in the Makawao 
area of the island of Maui. After a lapse of two 
years with no human eases, five fatal eases of 
human bubonic plague have occurred on the 
Hamakua coast in 1943. 

Xcnopsylla chcopis is specifically reported from 
New Guinea, Samoa, Hawaii and the Marquesas 
and may be expected to occur elsewhere. In the 
Japanese ^landatcd Islands, according to Esaki, 
fleas are ^*veiy rarely met \nth, if there are any.*^ 

^^Pneumomas^* (see also *Vahu feveP^) 

The pneumonias are important causes of mor- 
bidity and mortality in New Guinea Territory*. 
They arc endemic and periodical!}" epidemic with 
high mortality there. They are particularly preva- 
lent at the beginning and end of the rainy season. 
Inadequate diet is believed to be an important 
factor in predisposing the natives to these diseases, 
which in 1927-1928 accounted for about 14% of 
the total mortality. The pneumonias arc reported 
witliin the Territor}’ from New Britain, New Ire- 
land, St, Alattbias Island, the Admiralty Islands, 
and Bougainville and Buka Islands. In 1935'-1936 


the}' were reported as the prindpal cause of death 
at Gasmata, New Britain. In 1939, 311 of 1,283 
autopsies at Rabaul, New Britain, showed cause 
of death as pneumonias. 

The pneumonias arc not uncommon in epidemic 
form in the villages of Papua. They are reported 
within the Tcrrilon’ of Papua from the Trobriand 
Islands, the D*Entrccastcaux group and Samarai 
Island. 

Among the Japanese Mandated Islands, the 
pneumonias arc reported from the Palaus, Mari- 
anas, Carolines, and Marshalls, and they take 
first place in morbidit}' statistics in the East Caro- 
lines. They arc reported on Guam, 

The pneumonias have been reported to be the 
principal cause of death of indentured laborers in 
the Solomon Islands. They were particularly 
prevalent in 1936 and 1937. They arc reported 
as among tfic most fatal diseases of the natives of 
New Caledonia, where tlicy arc vcr\' common. 
They arc reported on all the islands of the Loyalty 
group. In the New Hebrides tho}" are reported as 
among the most fatal diseases. 

The pneumonias arc reported also from Nauru 
and the Gilbert and Ellice Islands. They are 
common in Fiji, and were said to be verj* prevalent 
there in 1928, They arc reported also from Tonga 
and Western Samoa. In 1941 the pneumonias 
were among the leading causes of death in Ameri- 
can Samoa. They arc reported from Niue, the 
Cook Islands, the Sodety Islands, and Pitcairn. 

Lobar pneumonia is recorded in the Hawaii 
Board of Health reports from 1882-1883 to date. 
In 1892, Davidson stated that pneumonias were 
of frequent occurrence in the Hawaiian Islands 
but are only moderately fatal there. ^IcKinley 
states that they constitute an important public 
health problem. In recent years, an average of 
350 cases has been reported though there were only 
188 cases in 1942-1943. 

PyomyosiiiSf tropical {Myositis Purulenta Tropics, 
Tropical Myositis) 

Pyomyositis is reported from New Guinea Terri- 
tor}% the Territory of Papua, the British Solomon 
Islands Protectorate, the New Hebrides, Fiji, 
Tonga, the Gilbert Islands, Samoa, Niue, and the 
Cook Islands. Manson-Bahr reports that the 
organisms concerned have been ^^Staphylococcus 
aureus and S. alhus^ and occasionally Streptococcus 
pyogenesP 
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Rai-biie Fever 

A case of rat-bite fever was reported in New 
Caledonia in 1925, at which time the microscopic 
diagnosis of Spirillum minus was first established 
there, A case was noted in Fiji in 1925. The 
disease has also been reported throughout the 
Territory of Hawaii. A case occurred in 1942 at 
Pahela on the island of Hawaii. 

Rat-bite fever was reported in a patient admit- 
ted to Rabaul Hospital, New Britain, but the 
accuracy of the diagnosis is said to be invalidated 
by the account of the organism. 

It may be anticipated that further cases of rat- 
bite fever, when carefully sought for, will be 
diagnosed elsewhere in the Pacific where rats pre- 
vail and live in close association with man. 

Scarlet fever 

Scarlet fever is reported from Guam, New Cale- 
donia, Nauru, Fiji, and Hawaii. It is said to be 
absent from New Guinea Territory, Papua, the 
British Solomon Islands Protectorate, the New 
Hebrides, the Cook Islands, and Pitcairn. McKin- 
ley reported it absent from Guam but overlooked 
the cases reported there in 1924. 

McKinley states that scarlet fever is present in 
Hawaii but is not an important health problem. 
In a light form it is present throughout all the 
islands of the Territory; it is reported regularly, 
but results in few deaths. 

Septic sore throat (see also) Staphylococcus and 
Streptococcus wfections.) 

Septic sore throat is listed by the Hawaii Board 
of Health as a cause of morbidity in all islands of 
the Territory. '‘Suva throat,” from which Fijian 
school children suffer severely, is associated with 
streptococci. 

Staphylococcus and Streptococcus infections (see also 
Pyomyositis and Septic sore throat^ 

Staphylococcal infection is reported as relatively 
common in Fiji, and mbced staphylococcus-strepto- 
coccus infections are reported on Tahiti. Strepto- 
coccus viridans is also reported in Fiji. A bacterial 
endocarditis caused by the same organism occurs 
in Hawaii but is not reportable. 

Tefa7His 

Tetanus is reported occurring in the Territory 
of New Guinea, Papua, the Palaus, the Marianas, 
the British Solomon Islands Protectorate, and the 


Santa Cruz Islands. It is reported as causing the 
deaths of many children in the New Hebrides and 
New Caledonia. Vaccination of all Tonkinese 
workers in the New Hebrides was reported in 1936. 
In the Fiji Islands, the infection is reported 
constantly. 

Tetanus is said to be prevalent from time to time 
in some of the Ellice Islands, especially Vaitupu 
and Nukufetau. It is listed from Tonga and from 
both Western and American Samoa. Tetanus is 
said to occur in the Cook Islands from time to 
time. It is recorded specifically from Mauke 
Island, the easternmost of the Cook group. Teta- 
nus is widespread on Tahiti and was reported from 
Pitcairn as early as 1838. It has been reported 
in Hawaii since 1882-1883. Thirty cases, eight 
fatal, were reported in 1941-1942. 

Tonsillitis, acute 

Tonsillitis is reported from Port Moresby in the 
Central Division of the Territory of Papua, and 
from the Samarai and Woodlark groups. It is 
reported in the British Solomon Islands Protec- 
torate and on Nauru. Cases have been hospi- 
talized in the Gilbert and Ellice Islands. It is 
reported from Fiji, American Samoa, Niue, and 
the Cook Islands. It was reported by the Hawaii 
Board of Health as early as 1894, and still exists 
there. 

Tuberculosis 

Tuberculosis is spread evenly through the most 
settled portions of New Guinea Territory and is 
one of the principal causes of death and morbidity 
there and in Papua. In New Guinea Territory, 
it is reported on the mainland and from New Brit- 
ain, New Ireland, the Admiralties, Bougainville 
and Buka Islands, and the mainland. In the 
Territory of Papua it is reported from Samarai 
Island and the Trobriand Islands. 

Tuberculosis is prevalent in the Palaus, Caro- 
lines, Marianas, and Marshalls. It is the leading 
single cause of death on Guam. 

Tuberculosis is endemic and one of the most 
frequent causes of death in the British Solomon 
Islands Protectorate, where it is very prevalent. 
About 75% of the total population is reported as 
tuberculin positive. As early as 1862, it was 
reported to be the scourge of New Caledonia. 
Almost all the Kanaka tribes there are infected. 
There is a high mortality. A quarter of the total 
population has been reported infected. In the 
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Loy*iHy Islands^ tuberculosis is vciy^ active, killing 
off entire families. In the New Hebrides it is 
widespread and endemic and the most serious 
disease of the natives. It is reported on Nauru. 

In Uic Gilbert and Ellice Islands, tuberculosis 
lias long been prevalent. It is worse in the Ellice 
than in tlic Gilbert group and is described as the 
most fatal disease there. It is one of the most 
prevalent communicable diseases in Fiji. It is 
reported from Wallis and Horn Islands. In Tonga 
it is the commonest cause of death. 

In 1941 tuberculosis was reported as one of the 
leading causes of death in Amerioin Samoa. On 
Niue it has increased from being not vcr>' prevalent 
in 1913-1914 to the “most serious health problem'^ 
in 1934-1935. In the Tokelau group it is less 
prcv'alcnt. In both groups of tlic Cook Islands, 
tuberculosis is the principal disease. 

In Tahiti, Davidson reported tuberculosis as 
responsible for 25% of deaths. It is common in 
the Tuamotus. In the ifarquesas it is believed 
to be one of the principal causes of depopulation. 
It is the most feared disease there, as it acts with 
great rapidity. It is the dominant disease on the 
Gambler Islands. It is listed from Pitcairn, and 
in the late lS60’s it was very prcxtilent on Easter 
Island. In Hawaii, tuberculosis rates are higher 
than the averages of the United States mainland. 
Disabilities and deaths arc largely concentrated 
in non-Caucasians of the highly congested areas. 

Typhoid fever 

Typhoid fever has been reported recently as 
endemic thoroughout all regions of New Guinea 
Territory' and Papua. Hitherto it liad been re- 
ported as uncommon and not severe there. In 
New Guinea Territor}' it is reported on New Brit- 
ain, the Duke of York Islands, and Bougainville 
and Buka Islands. In the Territory^ of Papua 
eases are reported on the mainland and on Samarai 
Islands. 

Tjphoid fever is present in the Japanese Man- 
dated Islands. On Guam it has not been impor- 
tant in the white population since the improve- 
ment of the water supply in 1900, but it remains 
endemic in the native population. 

In 1935, it was stated that no ease of t>T)hoid 
fever had been seen or reported anjnvhcrc in llie 
British Solomon Islands Protectorate at any time. 
Horack, however, has recently reported t>q)hoid- 
paratyphoid there. 

T>q)hoid fever became established in New Cale- 


donia shortly after the French occupation of 1853. 
The disease is now endemic at Noumea. In 1927, 
192 eases were reported, and water purification 
was begun iii 1928. The New Hebrides are free 
of the infection. 

Typhoid fever is reported from the Gilbert and 
Ellice Islands and on Nauru. In the Fiji Islands 
it is endemic, but it has not been epidemic in Suva 
since an outbreak in 1925, Cases arc scattered 
and confined mostly to low-lying areas, A case 
of ty’phoid on Ono-l-Lau in the Fiji group was 
verified in August 1943, It is rare on Wallis and 
Horn Islands, and endemic in Tonga. It is re- 
ported in Western and American Samoa but docs 
not seem to be ver}" common. Several outbreaks 
of t\phoid fever arc reported on Niue, but the 
most recent was in 1936. In the Cook Islands, 
outbreaks of tjphoid occur periodically on Raro- 
tonga and Mangaia, and a small epidemic was 
reported on Atiu in 1937-193S. The disease was 
reported in the Tubuai-Australs in 1931. It has 
been reported as endemic in certain valley^s of 
Tahiti and !Moorca in the Society Islands. It is 
endemic in the Jlarquesas. In tite Hawaiian 
Islands, typhoid fever is endemic, but kno^^^l car- 
riers are registered. Mass iramuni;;ation against 
typhoid and paratyphoid fcvci^ in 1942 was fol- 
lowed by only nine cases of typhoid fever in the 
entire fiscal y'car, 1942-1943. 

Uudidanl fmr 

Undulant fever is reported from the Alarshalls, 
the New Hebrides, Fiji, and Hau'aii. In Hawaii 
tlicre arc noted on the average less than six eases 
ycarU\ In the New Hebrides, cow’s milk was 
proved to be the source of infection in at least 
one ease. 

Wlwopiug cough 

Whooping cough is reported as occurring spo- 
radically among both European and native popu- 
lations in New Guinea Territory and Papua, In 
New Guinea Territory^ it is reported on the main- 
land, and from New Britain, the Duke of York 
Islands, New Ireland, the Admiralty* Islands, 
Bougainville, and Buka. In the Territory’' of 
Papua, whooping cough is endemic. 

Whooping cough appears to be common in the 
Japanese jMandated Islands, It was epidemic in 
the Marianas by 1885, and it was prevalent in the 
Carolines by^ 1899. It is common on Guam. 

Wliooping cough occurs sporadically’’ in the 
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British Solomon Islands Protectorate. Epidemics 
are reported from New Caledonia and the New 
Hebrides. A particularly severe outbreak of 
whooping cough was reported in the northern 
islands of the Ellice group in 1913-1914. 

In 1883 there was a serious epidemic of whooping 
cough in the Fiji Islands with 3,000 victims among 
the natives. Whooping cough has been prevalent 
there in recent years, the disease being at its worst 
in the drier months. 

An epidemic has been reported from Wallis and 
Horn Islands. Whooping cough first made its 
appearance in Western Samoa in the 1840’s. An 
epidemic there in 1936-1937 spread in the latter 
year to American Samoa, where it had also been 
knouTi earlier. A mild epidemic was recorded in 
Rarotonga in the Cook Islands in 1929-1930. 
Tahiti had an epidemic of whooping cough in 1912. 
The disease was also reported from Pitcairn. It 
occurred in the Hawaiian Islands as early as the 
end of the 1930’s and has been recurrent there 
since 1855. It is probably present on all islands 
of the group. 1,531 cases were reported in 1942- 
1943. 

DISEASES CAUSED BY ETJNGI 

Knowledge of diseases due to fungi occurring in 
the Pacific Islands is fragmentary and indefinite. 
The specialized techniques of mycology do not ap- 
pear to have been used in this area. Symptoma- 
tology of these diseases, when given at all, is 
vague, and in only a few cases has there been any 
attempt to classify the species of fungus concerned. 

The Superficial Mycoses 

There are abundant references to '^ringworm'' 
in the reports of travellers in the Pacific Islands. 
Accounts by ph\^icians often give no more definite 
designations. Some accounts give the extent of 
the involvement of the fungi, and it is clear that 
Tinea capitis (ring\vorm of the head) and Tvica 
barbae (ring\vorm of the beard) do occur. More 
often, however, the descriptions and illustrations 
indicate Titica glahrosa (ringworm of the smooth 
skin). 

Ringworm is particularly common among the 
natives of New Guinea Territory' and Papua. 
Hamlin found more in the coastal regions than 
inland. In New Guinea Territory' it is reported 
on the mainland and in New Britain, New Ireland, 
and the Admiralties. In the Terri tor\’ of Papua 
it is reported on the mainland and in the D’Entre- 


casteaux and Woodlark groups. In the northern 
D’Entrecasteaux nearly all of the natives are 
infected. 

Ringworm occurs in the Japanese Mandated 
Islands and Guam. 

In the British Solomon Islands Protectorate, 
approximately 8% of the population is infected 
with ringworm. Known as '^buckra'^ by the 
planters it is one of the diseases diminishing 
efficiencj'' of indentured laborers and is a cause of 
rejection by recruiters. It is endemo-epidemicin 
the New Hebrides, and iruld though occasionally 
epidemic in the Gilbert and Ellice Islands, 
“rfwea” is reported from Nauru. 

In Fiji ringworm affects a large percentage of 
the population. In Western Samoa, it is reported 
as common. ‘Ttwca” was noted in Samoa for the 
first time in 1870, On Niue numerous cases w’ere 
reported in 1940 and 1941. On Tokelau ringworm 
is very prevalent and in the Cook Islands it is com- 
mon, In the Cook Islands ringworm is prevalent 
in Puka Puka (Danger Island), It was reported 
from Pitcairn in 1937. 

The following clinical types of ^ing\^^orm infec- 
tion are reported from the Pacific Islands area: 

Tinea alba 

Tinea alba is very common in Samoa and 
Tokelau. It is prevalent throughout the Territorj’’ 
of Hawaii. 

Tinea albigena 

Tinea albige7ja occurs in New Guinea, and is re- 
ported from Palau. 

Tinea barbae 

Sycosis is reported as common in the British 
Solomon Islands Protectorate. In Hawaii Tinea 
barbae is prevalent throughout the group. 

Thica circinala 

Tinea cirdiiaia^ the classic form of ring\vorm (in 
some cases contrasted with Tinea versicolor or 
Tinea im5riVa/a) is reported as widespread in the 
neighborhood of Rabaul, New Britain. It occurs 
in the Gilbert and Ellice Islands, and is reported as 
common on Niue. It is verj' common on Tokelau. 
In the Japanese ^landatcd Islands it is reported 
from the Palau, Caroline and ^larshall groups. It 
is prevalent throughout the Havmiian group. 
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Twca corporis iropkalis 

Tinea corporis tropicolis is very pre\*aleBt in the 
Tokelau group. 

Tinea cruris {Dhohic^s ifch) 

Tinea cruris is reported as verj^ troublesome to 
Europeans in New Guinea Territory'' and Papua. 
It is found in the British Solomon Islands Protec- 
torate and the New Hebrides, and is reported from 
Fiji, from American Samoa, and from Hawaii, 
where it is pre\"alent throughout the group. 
Eczema marginatum a synonym of Tinea cruris ^ 
is reported from the Palau group. 

Tinea imhricata Rin^iVor^yi) 

Tinea imhricata is particularly common among 
the naUves of New Guinea and Papua. In New 
Guinea Territory" it is reported on the mamland 
and from New Britain and the Admiralty Islands. 
In the Territor}’' of Papua it is reported on the 
mainland and on Samarai Island, Captain William 
Dampier found it in the ISfarianas in the seven- 
teenth century. Guppy reported it in the Solo- 
mons in 1887. Recently it has been reported as 
one of the commonest skin diseases there. In New 
Caledonia it is found among new arrivals from 
the New Hebrides. 

In the New Hebrides, Tinea imbricata is said 
to be found onfy in the northern islands and the 
Banks Islands. It occurs in the Loj^alty Islands 
and was first found in the Gilbert Islands in 1841. 
In Fiji the incidence is Ingh in certain districts. 
It is reported from the Wallis and Horn Islands 
and was described from the Gilbert Islands in 1844. 
It is reported from both Western and American 
Samoa. In 1929-1930 it was rare on Niue, On 
Tokelau, from which Tinea hiihricaia takes its 
common name, it is not pre\^lent but children are 
said to suffer from the infection. It is not as 
pre\'alent in the Cook Islands as in most Pacific 
Island groups. It is said to have been introduced 
there from the Gilberts. Tvica imbricata is found 
in Tahiti where it was introduced in 1864 by the 
natives of the Gilbert Islands imported for work 
on the plantations. It is said that the Tumaotus 
are not infected. In the Japanese Mandated 
Islands it is reported from the Palaus, Marianas, 
Carolines, and hlarshalls. McKinley reports that 
it is not present in HaTOii. 

Tinea nigra (Pityriasis nigra) 

Tinea nigra is reported as present in American 
Samoa, of doubtful occurrence in Fiji and Gua,m 


and as absent from the Solomon and Hawaiian 
Islands, 

Tinea versicolor (Pityriasis versicolor) 

Tinea versicolor is reported as very common in 
Oceania, w'here it frequently accompanies Tinea 
imbricata, ^^Fityriasis*^ is common in the Solomon 
Islands, and numerous cases of Tinea versicolor 
have been reported from natives and whites on 
Nauru. It is reported as present, but not common, 
in the Gilbert and Ellice Islands. It is reported 
on Fiji and American Samoa, and is common on 
Niue. It is reported in the Wallis and Horn 
Islands and in the Slarquesas. IMany cases have 
been reported from Yap in the Carolines, but its 
occurrence on Guam is considered doubtful by 
]McKinle 3 \ It is reported as common on Jaluit 
in the Slarshalls and as pre\^lent throughout the 
Hawaiian archipelago. 

Dcrmalophylosis 

Tinea interdigitalis is reported from the British 
Solomon Islands Protectorate, Dermatophytosis 
has been common among troops in the Solomons 
and the New Hebrides causing many sick days. 
The same spedes of fungus as is present on the feet 
has been in some cases responsible also for oto- 
mycosis in these men. Epidcrvwphylon inter- 
digitak is reported as fairly common in Fiji among 
Europeans and half-castes. It is endemic in 
Hawaii. 

Eryfhrasma 

This brovsiiish red dermatom 3 xosis is reported 
from Nauru, and from Jaluit in the Marshalls. 
It occurs in the Wallis and Horn Islands. It is 
present in the Territorj^ of Hawaii. 

Moniliasis (Soor) 

A single case of ^^oor’^ was reported on Yap in 
the Carolines in 1906-1907. Moniliasis is found 
in the Territory of Hawaii. 

THE BEEP MYCOSES 
Actinomycosis 

* Cases of actinomycosis are reported from Fiji 
and Tonga. Human cases are ver\' rare in Fiji. 
Howev'er, actinomycosis in a bullock \yzs demon- 
strated quite recently in the Pathological Labora- 
tory, Suva, Fiji, in 1943. In Hawaii, the disease 
was reported in six of seven j^ears preceding 1941^ 
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1942. Cases of '^lumpy jaw'’ appear in local 
cattle. 

* Blastomycosis 

A fatal case of blastomycosis was reported from 
Papua in 1924r-1925, 

Mycetoma {Madura fool) 

In 1928-1929 a native of New Britain was re- 
reported to have had for many years a foot that was 
swollen and discharging bodies similar to those 
formed by Discomyecs maduraCy the causative or- 
ganism of a white-grained type of Madura foot, 
A case of Madura foot was reported in a native of 
Yap in the Carolines in 1900-1910. Two cases of 
the white variety of mycetoma were reported from 
American Samoa in 1907. In 1935 McKinley 
stated that mycetoma was absent from Hawaii, 
but a case was described from there in 1915, and 
another was reported in Honolulu in 1942. 

Sporotrichosis 

A case of pulmonary sporotrichosis was reported 
as treated at the British Phosphate Company Hos- 
pital at Naum in 1926. In Hawaii in the last 
three years there has been reported approximately 
one case per year. These cases have been cul- 
turally as well as clinically positive, 

DISEASES CAUSED BY SP3310CHAETES 
Leptospirosisy and Seven-Day Fever 

In the Pacific, distinction between leptospiral 
jaundice and acute infectious hepatitis has rarely 
been made on the basis of serology or of the demon- 
stration of Leptospira, In the absence of such 
identification, all reports of ‘^icterus" must be 
considered indefinite. 

The reports to the League of Nations on the 
Japanese Mandated Islands list two Japanese cases 
of “Wile’s disease” at a South Seas Bureau Hos- 
pital in 1929 and a death from catarrhal ictems the 
following year. Cases of “catarrhal ictems” have 
been reported in the Marshalls. 

Hepatitis has been reported from New Cale- 
donia. “Catarrhal jaundice” has been recorded 
from Funafuti in the Ellicc Islands. Cases of 
“acute hepatitis,” hepatitis, jaundice, catarrhal 
jaundice, and “yellow atrophy” are reported 
from Fiji. 

Since 1935 the Hospital in Apia, Western Samoa, 
has recorded cases of catarrhal and malignant 
jaundice. Dr. K. F, ^leyer tested in 1940 the 


blood sera from six jaundice cases there with every 
knoum strain of Leptospira with negative results. 
The kidney of one fatal case showed no Leptospira. 
These findings suggest that the “malignant jaun- 
dice” of Samoa is not caused by Leptospira, Ac- 
cording to Dr. K. F. Meyer the “high mortality of 
25% within a few days after onset suggest another 
infective agent for the malignant jaundice than 
the Leptospira, Some of the cases of jaundice 
may be caused by Leptospira, Infective hepatitis,, 
also known as epidemic jaundice, or some new type 
of infection of imknown etiology is suspected.” 

Deaths from Weil’s disease have been reported 
to the Hawaii Board of Health since 1907. Re- 
cently Leptospira has been demonstrated serologi- 
cally in the Honolulu area, and antibodies of 
Leptospira have been found in the serum of human 
beings there. Since 1936, cases of leptospirosis 
have been found on Hawaii, Kauai, Lanai, Maui, 
and Oahu. 

In 1942“1943 following the administration of 
yellow fever vaccine several thousand cases of 
hepatitis were reported in Hawaii. Other types of 
infectious hepatitis exist in the Territory, but 
these are not reportable. Sixty cases of acute 
infectious hepatitis which were not stated to be 
post-vaccinal were reported as admitted to a 
Honolulu hospital in one year. 

Seven-day fever, due to Leptospira hebdomadis, 
was reported in New Guinea in 1939-1940. 

Relapsing fever 

Spirochacia recurreniis (or S, novae caledoniae) is 
reported from New Caledonia, and it has been sug- 
gested that relapsing fever is not a rare disease 
there. It is not kno\vn whether it is tick or louse- 
borne, and if it is of local origin or imported. 

Yaws-Syphilis Complex 

Yaws is known to have been widely distributed 
in many of the Pacific islands at the time of their 
discovery by white explorers. 

In Dutch New Guinea yaws is very prevalent, 
particularly on the north coast and in the adjacent 
islands. In the Territory of New Guinea and 
Papua, yaws is the conmioncst condition met with 
and is one of the principal causes of morbidity 
there. Cases arc reported from the mainland, Nev/ 
Britain, the Duke of York Islands, New Ireland, 
and the Admiralty Islands. 

In some districits of Papua almost everyone has 
yaws “infccrion latent.” It is believed to have 
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been introduced there from Pol}mes5a in the first 
half of the last centur}^, but has made little progress 
inland. In the northern D’Entrecasteaux babies 
are often covered with yaws. 

Yaws is reported from the Palaus^ CaroUnes, 
Marianas, and Marshalls. It is the chief disease 
on Guam, where it is said to be endemic. 

Yaws is endemic in the Solomons, where it is said 
to be universal among the natives. Lambert 
found it on both Rcnnel and Bellona. The infec- 
tion rate is reported as 60% on Malaita and 65% on 
Makira; in ^^salt water natives” the incidence is 
lugher than in “bush natives” — up to 90%. It 
causes great disability there, especially among the 
children. 

New Caledonia is infected. Yaws is very wide- 
spread in the Lo 3 "alt 3 " Islands, where almost everj^- 
one gets it at one time or another. It is reported 
on Lifu in disquieting proportions, and it also 
occurs on !Mare and Ouvea. It is cndemo- 
epidemic and exceedingly common in the New 
Hebrides. 

The earl}’’ issues of the Medizinal Berichtc report 
yav^ as very common on Nauru, but during the 
period of British administration the disease has 
decreased, only one new case being reported there 
in 1926i In 1908 Robertson observed that yaws 
occurred in all of the Gilbert and EUice Islands, but 
by 1932-1933 the annual reports referred to the 
disease as well under control. 

In Fiji in the past every child was said to con- 
tract yaws. Mortality was very high. However, 
according to the League of Nations reports for 
1937, yaws has been brought under control. In 
the Wallis and Horn Islands, where it is reported 
as prevalent, few escape it. In Tonga the infec- 
tion is lighter than in Fiji and Samoa. In Western 
Samoa, yaws formerly affected almost all inhabi- 
tants, but the treatment program instituted in 
1923 has checked it effectively. In American 
Samoa, 1,040 cases with active lesions were re- 
ported in 1929. 

More than a thousand cases of yaws were re- 
ported on Niue in 1941, but treatment prevented 
the development of many cases beyond the initial 
stage. The Tohdau Medical Snncy of 1927 re- 
ports that yaws is not prevalent there and tliat 
most cases observed are of the secondary stage. 

In the Cook Islands, yaws is said to be more 
common in the southern than in the northern 
groups. Treatment programs have been carried 
out in both groups. 


Yaws is reported from Hawaii by both McKinley 
and the Hawaii Board of Health reports. How- 
ever, according to HamHn, Hawaii, like the 
Marquesas, has escaped infection. Dr. Bernard 
Witlin, Territorial bacteriologist, reports that 
Hawaii’s few cases are off-shipping, no focus of in- 
fection in the group being known. 

Gangosa, doubtless a tertiary manifestation of 
yaws, is reported in New Guinea. Rhinophaiyn- 
gitis, which also belongs to tlie yan’s-s}^hiiis 
group, has been knowm for a long time in the St 
Matthias group. Gangosa is by no means un- 
common in Papua. It has been observed in the 
Carolines, Marianas, and Marshalls. Rhino- 
pharyngitis is said to liave been described from the 
Marianas as early as 1600. It is reported on 
Guam. Gangosa is reported in the Solomons. 
In Rennel and Bellona Islands in the Solomons, 
Lambert found 3 ’’aws but not gangosa, Crichlow, 
however, reports gangosa from other islands in the 
Solomons. It is often seen in the New Hebrides, 
but it is uncommon in tiie Gilbert Islands. It is 
reported in Fiji. Rhinopliar 3 mgitis is reported in 
Western Samoa. Gangosa is reported in the Cook 
Islands. 

Goundou, man}’’ <^ses of whicli seem to fall in 
the category of 3 "aws sequelae, is reported from 
New Guinea, New Ireland, the Lo 3 \alty Islands, 
the Solomons, and Samoa. 

Juxta-articular nodules, a tertiary manifesta- 
tion of yaws in the Pacific islands area, were first 
noted in New Guinea in 1901, Since that time 
they have been reported also from the Palaus, the 
Solomons, New Caledonia, the Isle of Pines, the 
Lo3^1ty Islands, Fiji and Hawaii. 

As yaws has long been established in the Pacific 
Islands where it is believed b}’’ Lambert, Hamlin 
and others to have immunized the native popula- 
tions against S 3 nphiUs, it is necessary to examine 
critically all records of “s 5 ^pliiiis” in native island- 
ers, Hamlin has examined numerous reports of 
syphilis and concludes that man}" of them refer 
to 3'’aws. Lambert states that in the examination 
of large numbers of cases of “so-called syphilis,” 
he was not able to find the scar of a single chancre. 

S 3 "philis has been reported recently as rare or 
non-existent in the Territor}" of New Guinea and 
Papua. 

The Mcdiziml Berichtc reports many cases of 
“s 3 q)hilis,” man}" of them tertiary, from the Palaus, 
Carolines, and Marshalls; however, where descrip- 
tions have been made it appears likely that the 
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German physicians were dealing with yaws. 
Robert Koch and Prowazek, who visited the area 
hospitals, both remarked upon the confusion of 
yaws udth syphilis, while Hamlin, on the basis of 
his own studies, rejects the records of syphilis in 
the !Marshalls. It is reported that the early 
English voyagers left syphilis in the Falaus, and 
natives returning there from other groups are 
believed to have brought syphilis with them. Sol- 
diers are said to have introduced the disease into 
the Marianas. Syphilis is reported as practically 
absent from the Chamorro group on Guam, and 
it has been stated that no case of syphilis has been 
acquired by American service men there. 

There is said to be no syphilis in the British 
Solomon Islands, though Hetherington reports a 
case with a history of exposure on Rennet Island 
and nowhere else. The British Solomon Islands 
Protectorate Year Book lists locomotor ataxia as 
present in the area. In New Caledonia, syphilis 
is said to be widespread in the penal colonies but 
rare among the free colonizers. It is reported as 
rare in the Loyalty Islands. 

In the New Hebrides syphilis seems to have 
increased since the introduction of Indo-Chinese 
laborers. The British Annual Report for 1921- 
1922 states that it appears to be very common. 

The administrator of Nauru reports a number of 
cases of syphilis treated on that island, but at 
least some of these were members of crews of 
visiting ships. 

The Gilbert and Ellice Islands Aimual Reports 
formerly recorded many cases of “sj^philis.” More 
recently it has been emphasized that tertiary yaws 
has been erroneously reported as “sjqjhilis,’^ and 
from about 1930 on it is stated each year that 
syphilis is unknown in these island groups. 

There is said to be practically no syphilis among 
the natives in Fiji but the imported Indian coolie 
, is largely “sjT^hilized.” The disease is reported 
from Tonga. 

According to the health reports, syphilis in 
Western Samoa would seem to be a disease of 
aliens. The native population of American Samoa 
is likewise thought to be free, and infected \dsitors 
are not allowed to remain on the island. 

The Resident Commissioner reported "syphilis” 
as common on Niue in 1913-1914, a period during 
which distinctions between tertiary yaws and 
syphilis were not often dranm. At about the same 
period many cases were reported from the 
Tokelau group. 


In the Cook Islands, a Hunterian chanae and 
mucous patches in the mouth co-existing with a 
typical yaws eruption on the body is reported. 
The Resident Commissioner reports cases of 
syphilis, but not in the natives. In Tahiti much 
of the supposed "syphilis” is believed to be yaws. 

The Pitcairn Medical Report records a case of 
syphilis in a woman who may have contracted it in 
the Gambier group. In 1931, syphilis was re- 
ported as present on Easter Island. In Hawaii 
syphilis is an important civilian and military health 
problem. There are a few cases of early syphilis 
reported every month. 

DISEASES CAUSED BY PROTOZOA 

AmoeUasis, Balantidiasis y Giardiasis and 
Chilomasiigiasis 

The distribution of amoebiasis in the Pacific is 
said to coincide with the distribution of the Asiatic 
populations, and the disease occurs commonly 
where large numbers of Indian and Chinese coolies 
have been imported. It is reported, sometimes 
sporadically, from New Guinea eastward as far as 
the Marshalls, Gilbert and Ellice Islands, and 
Samoa. It is reported also in the Hawaiian 
Islands. 

Figures, on the degree of incidence of amoebiasis 
in the Pacific are not altogether reliable. ' It has 
been said that about 50% of the natives and about 
the same proportion of Europeans in New Guinea 
suffered from the disease in one form or another, 
but this figure needs confirmation. Amoebiasis is 
reported as endemic and one of the principal 
causes of morbidity throughout all the regions of 
New Guinea Territory and Papua. 

In 1929 it was reported that there were in the 
British Solomon Islands Protectorate only a few 
cases of amoebic dysentery, mainly among the 
Europeans, but it has been recently reported that 
the disease is widespread and endemic there, and 
that it assumes epidemic proportions sporadically. 

In New Caledonia, amoebiasis is reported as 
common and endemic. It is said to be increasing 
yearly there, with the rate of infection reported to 
be high. The disease is believed to have spread 
from New Caledonia into the New Hebrides, where 
it is now endemic throughout the group. In the 
Gilbert and Ellice Islands it is prevalent and en- 
demic. In Fiji, where the infection is largely 
endemic, the incidence has dropped. It is re- 
ported also in the Hawaiian Islands. 
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Balantidium (Papua, Guam, Japanese Mandated 
Islands, Western Samoa), Giardia, Trichomonas, 
and Ckilomastix have been reported from the 
Pacific Islands from time to time. 

Leishmaniasis 

^^outon d'Orient,'^ a synonym for cutaneous 
leishmaniasis, is reported from New Caledonia 
and the Loyalty Islands. Leishman-Donovan 
bodies ,were found in at least one case. The same 
disease, reported as ‘'Oriental sore,’’ is reported 
from time to time off shipping by Hawaiian authori- 
ties. Three cases of kala-azar (visceral leish- 
maniasis) in Indians were reported from Fiji 
in 1924. 

Malaria and hlackwater fever 

Before the present war, malaria and its sole vec- 
tor, the Anopheles mosquito, were knovsm to range 
through New Guinea Territor>’', Papua, the British 
Solomon Islands Protectorate, and the New 
Hebrides. During the course of hostilities, how- 
ever, it may well be that this disease and its carrier 
will extend their range into Pacific islands hitherto 
free of them. 

In New Guinea Territory and Papua, malaria is 
widespread, especiall}*' in the coastal regions. It is 
reported as common up to an altitude of about two 
thousand feet, and it occasionally goes higher. 
Falciparum, malariae and vivax malaria are all 
present. In the Kavieng District of New Guinea 
Territor}% which includes the northern half of 
New Ireland and certain adjacent island groups, 
and which has a total population of about 25,000, 
nearly 80% of the inhabitants were found to be in- 
fected. The 1937-1938 report on New Guinea 
Territory to the League of Nations described 
Rabaul as having become definitel}’' malarious, 
although it had been practically free of the disease 
during the preceding seven or eight years. In 1942 
Rabaul was reported as malaria-free, but it may 
have become re-infected by now. 

The British Solomon Islands Protectorate is 
heavily infected; few permanent residents, Euro- 
pean, Asiatic, or native, escape the malaria. 
Three forms of the disease occur. Falciparum 
malaria is reported to have become comparatively 
common, although it was previously rare. About 
80% of the natives have palpable malarial spleens. 
^Malaria is reported also in the Santa Cruz Islands. 
It occurs in all of the inhabited islands of the New 
Hebrides group with the possible exception of 
Aneityum and Futuna. 


Blackwater fever, a condition invariably associ- 
ated with malaria, has been reported from Dutch 
New Guinea, New Guinea Territory, where it is 
common, and from Papua, the British Solomon 
Islands Protectorate, New Britain and New 
Ireland. An imported case was reported in New 
Caledonia in 1905, but the disease did not become 
established there. 

Blackwater fever was rare in the Solomons be- 
fore 1915 but it became common thereafter. There 
are said to be numerous "Blackwater fever houses” 
there in which repeated cases occur. 

Blackwater fever occurs in Europeans in the New 
Hebrides, where the first case was reported in 1899. 

Trypanosomiasis 

T 3 pical African trj^anosomiasis has been re- 
ported in a European in the hospital at Noumea, 
New Caledonia; the patient had presumably con- 
tracted the disease in Africa where the tsetse flies 
of the genus Glossina which transmit the disease 
occur. 

DISEASES CAUSED BY METAZOA 
Ancylostomiasis 

The hookworm which occurs most commonly 
throughout the South Pacific is Necator. Cases of 
A 7 tcylosto?na infection are not unusual, but they 
can be linked to relatively recent immigration of 
Asiatics. 

In Dutch New Guinea hookworm was reported 
in 1935 as widespread. In New Guinea Territory, 
it infects practically everyone throughout regions 
under white control, and the prevailing form is 
Necaior aimrkanus, with Ancylostoma almost com- 
pletely confined to Asiatics. Hookworm is re- 
ported from New Britain, New Ireland, the 
Admiralty Islands, and Bougainville. 

In the Territory of Papua, the hookworms 
identified have been nearly always Necator. 
Lambert reports that among 2,133 hookworms 
classified there only 22 ancylostomes occurred. 
Hookworms infect the majority of natives in the 
wetter part of the countr 3 ^ A few <^ses of hook- 
worm are reported from Samarai Island, and many 
from the Trobriand group. 

Hookworm is reported from the Palaus, Mari- 
anas, Carolines, and IMarshalls. It is ver>'’ common 
on Guam where both Necaior and Aftcylostoma are 
reported. 

Bollig’s account of a frequentb’’ fatal s 3 mergism 
between ancylostomiasis and tuberculosis on Truk 
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may apply also to other islands of the Japanese 
Mandate. 

In the Solomons, Necafor is endemic. Every 
island in the Protectorate appears to be infected 
with hookworm, and the infection rate is estimated 
at 85% among the natives. It was reported in 
New Caledonia, probably for the first time, in 1912, 
and the number of infections there is said to be 
large and on the increase. It is reported in the 
Loyalty Islands. In the New Hebrides hookworm 
is very common and is both endemic and epidemic 
in type. In 1933 it was almost eradicated from 
Nauru. Hookworm is more prevalent in the 
Ellice than in the Gilbert Islands. On Funafuti 
in the Ellice group, Nccalor is very prevalent; inci- 
dence was said to be 85% in 1922-1923. Light 
infections are reported from Ocean Island. 

In 1928, Lambert reported that hookworm in 
Fiji had been controlled as an economic factor, but 
that it would never be eradicated until the people 
acquired a ‘‘sanitary conscience.” 

Rotumah is one of the most heavily infected of 
the South Pacific Islands. Hookworm is not 
serious in Tonga however, where pure Nccalor 
occurs. Lambert reports hookworm as prevalent 
in Western Samoa, and O^Connor found 85% of 
the natives there infected. Nccalor is reported 
from American Samoa. 

On Niue, many cases of anemia are caused by 
hookworm. In 1927 it was reported on Tokelau 
that no marked clinical evidence could be found 
of hookworm. The infection is endemic in the 
Cook Islands, with Tongareva (Penrhyn) and 
Danger (Puka Puka) in the northern groups, and 
Rarotonga, Mangaia, and Mauke in the southern 
group specifically mentioned as infested with 
Nccalor, No hookworm infection was reported 
from Pitcairn in 1937. It is reported on Tahiti. 
Cases are reported regularly from the Territory 
of Hawaii where both Ancylosloma and Nccalor 
are said to be present. However, most of the 
hookworm infections are in workers imported from 
the Philippine Islands rather than in natives. 

Ascariasis 

Ascaris is reported from New Guinea Territory 
and Papua. Lambert found it confined to the 
Delta Division in Papua, with none in the central 
sections. 

In the Japanese Mandated Islands, incidence 
of Ascaris is very high (about 90% according to 
the Reports to the League). It has been noted in 
the Palaus, Carolines, Marianas, and ^Marshalls. 


Brain involvement with Ascaris is reported in the 
Marianas. There is said to be a close association 
between the toxins of intestinal worms, especially 
Ascaris Jumbricoidcs, and mechanical obstruction 
in the cases of so-called epidemic asthma. How- 
ever, other factors causing asthma as elsewhere 
have not been properly worked out. 

In the British Solomon Islands Protectorate, 
A scans is common, especially in native children. 
In New Caledonia it was reported in 1926 as very 
rare, but in 1929, 2,075 examinations showed 
12.8% infection. It occurs in the Loyalty Islands. 
In the New Hebrides .^4 scarfs is not found among 
Melanesians who have not had contact with 
foreigners. 

The administrator of Nauru states that though 
the Chinese laborers have Ascaris the natives have 
not been infected. Lambert reports that no 
Ascaris infection was found among the Gilbert or 
Ellice islanders, though “pig ascaris,” said to be a 
different physiological strain, was found in the 
latter group. In 1935 a number of cases of Ascaris 
were reported from Ocean Island. 

In the Fiji Islands incidence is highest among 
the Indians, and the disease is absent from natives 
not living in contact with the Asiatic group. 
Lambert states that no A scans was found on 
Rotumah. It has been reported in the Wallis 
and Horn Islands. In Tonga it is reported as 
rare on Tongatabu but common in the Vavau 
group, which has been more closely associated 
with Samoa, In Western Samoa, ascariasis is said 
to be very common. It is reported from American 
Samoa and Niue. 

A medical survey of Tokelau found Ascaris 
apparently unknown there. For the Cook Islands 
an incidence of 21% was reported in 1928, but by 
1936 there was on Rarotonga in this group a 55% 
incidence. Ascaris is reported on Tahiti, in the 
Marquesas, and in the Hawaiian Islands. 

Disiomiasis {Tremalode or fluke infectious) 

A case of bilharziasis (schistosomiasis) was re- 
ported in the New Hebrides in 1930. McKinley 
reports it with a question mark from the “French 
Pacific Group.” Hall reports schistosomes as 
“introduced from time to time” but not established 
in the Hawaiian Islands. 

In New Guinea Territorj% cases of Clonorchis 
infection has been reported from New Britain 
and Bougainville Island. Clonorchis has been 
reported in immigrants in New Caledonia. 
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The League reports on the Japanese Mandated 
Islands record a number of cases of hepatic dis- 
tomes. These may have been Clonorchis^ or, as the 
reference to two cases of ^^Distoim kcpaticum” sug- 
gests, some of them may have been Fasciola, 

Fasciola gigatjtica has been reported from man 
in Hawaii. Clonorchiasis has been found in 
Oriental immigrants in Hawaii. Infection among 
the natives has been attributed to the eating of 
fish imported from the Orient, 

Paragonimus has been reported in New Guinea 
Territory, and will probably be found elsewhere 
in the Southwest Pacific. Mumford reports the 
eggs of a fiuke resembling those of Paragonimus 
in the Marquesas, Lambert reports the eggs of a 
“new trematode’^ in a fecal specimen from Papua, 
SteUantcliasmm falcalus, a heterophyid fiuke, is 
reported established in Hawaii. Infection is ob- 
tained by eating raw mullet, a fresh water fish 
which may harbor the larval trematodes. 

Pulmonary distomiasis is reported from the 
Japanese Mandated Islands and Nauru. 

Draconliasis 

Dracontiasis has been reported from a seaman 
treated in the Marshall Islands and from Indians 
in Fiji. 

Filariasis and Elephantiasis 

Filariasis of nocturnal periodicity and caused by 
Wnchcreria hancrojti occurs in some parts of New 
Guinea, the Bismarck Archipelago, and the 
Solomons. It is reported also from the New 
Hebrides and New Caledonia. In general this 
form of the disease does not range east of longi- 
tude IWE. 

Non-periodic filariasis, also due to W, bancrofiif 
on the other hand, is for the most part limited to 
the Pacific Islands area east of this line. It pre- 
vails in the Gilbert and Ellice Islands, Fiji, Tonga, 
Wallis, Somoa, Tokelau, the Cook Islands, and the 
Society Islands. Accordmg to Breinl, there may 
be localities in southern New Guinea where non- 
periodic filariae also occur. 

Cukx quinqnefascialiis is the vector of the micro- 
filariae of nocturnal periodicity, and scuicl- 
laris pscndoscxitellaris (Syn. A, variegaUis) is the 
carrier of the non-periodic microfilariae. 

Filariasis occurs fairly commonly in Dutch New 
Guinea, New Guinea Territory, and the Territor}^ 
of Papua. In New Guinea Territor>" filariasis and 
elephantiasis are reported from the mainland and 


from New Britain, Duke of York Islands, New 
Ireland, the Admiralties, the Ninigo groups, and 
from Buka and Bougainville Islands. In the 
Territory of Papua they are reported from the 
mainland, and from Samarai Island and the Wood- 
lark and Trobriand groups. 

Filariasis and elaphantiasis are known from the 
Palau, Caroline, IMariana, and Marshall Islands, 
but it would seem that in none of these groups are 
they as common as in Samoa. Non-periodic 
filariae jare said to have been brought to tlie 
Marianas by exiled Samoans. Filariasis is re- 
ported from Guam, but it is said that elephantiasis 
does not occur there. 

In the British Solomon Islands Protectorate, 
filariasis, usuall}" nocturnal, is fairly common and 
widespread, but this is not true of dephantSasis, 

Filariasis is prevalent in the Santa Cruz group. 
In New Caledonia, microfilariae have been re- 
ported in the blood of natives, Europeans, and 
Japanese. Elephantiasis, adenitis, and hrniph- 
angitis have been obsm^ed there frequently. 

Clinical and sub-dinical filariasis are reported 
from the Lo 3 ^alt 3 ' Islands, Elephantiasis is re- 
ported on Ouvea, Lifou, and Mare. Cervical 
adenitis, possibl}^ filarial, has been reported in the 
Lo 3 ’alt 3 " Islands in cliildren. 

Filariasis of nocturnal periodidt}" is reported in 
the New Hebrides, where it is said to be common 
though less so in the southern than in the nortliern 
islands. It is caused b 3 ^ W. bancrojii^ and prob- 
abl}' transmitted b}’’ A, scntellaris pscudoscutcllaris. 
A few cases among the whites are reported. Hy- 
drocele is said to be common. 

On Nauru, filariasis is endemic and occasional!}^ 
miidty epidemic, Wnchereria bancrofii is the 
parasite, and Cnlcx quinquefasciatus has been 
shoTO to csixry it. The percentage of infection 
has risen considerabl}” since 1932. 

The Gilbert Islands are described as compara- 
tivety immune. Cases of filariasis are reported on 
Nukunau, however, and a surv^e}’’ in 1938 reports 
filariasis on Tarawa, Maiana, Apaiang, and Bu- 
taritari, in order of diraim'shing intensit}’*, but 
not on Makin Island. According to Lambert, it is 
non-periodic in the Gilberts, and a 1924-1925 
report stated that “until recent times there was no 
histor}^ of filarial fever and no elephantiasis” 
there. 

Filariasis is ver>’’ common in the Ellice Islands, 
especial!}’’ on Nui, Vaitupu, and Niutao. Embrj’os 
have been reported in the blood of every inhabitant 
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of Funafuti in the Ellice Islands. Many cases of 
elephantiasis are reported from that group. 
Filariasis is among the diseases that were known 
to the natives when Fiji was discovered by the 
Europeans. It is found chiefly among the natives 
‘ and in certain districts it is quite common. Ele- 
phantiasis of the arms is the most common mani- 
festation. Chyluria is reported there. 

Filiariasis and some elephantiasis are present 
in the Wallis and Horn Islands. In the Wallis 
Islands half of the population is infected. Filaria- 
sis is reported as present throughout Tonga also. 

In Samoa, filariasis is non-periodic. It is re- 
ported as very common in Western Samoa. Ele- 
phantiasis is common, and chyluria is recorded. 
Filariasis is less common in American Samoa than 
in Western Samoa, but it is present there along 
with elephantiasis. 

On Niue filariasis is reported as fairly common, 
the second most important health problem. 

Reports from Tokelau are conflicting. The 
Tokelau Medical Survey of 1927, for example, 
states that owing to the absence of mosquitoes in 
the village inlets, filariasis is not common there. 
In Maladies ExoliqueSj 1928, however, filariasis 
is said to be common in certain parts of Tokelau, 
and the Samoan Administrator has reported a 
few Tokelau natives as suffering from elephantiasis. 

Lambert found both filariasis and elephantiasis 
spread through the Cook Islands, cases of filariasis 
bemg reported on Rarotonga, Mangaia, Mauke, 
Aiutaki, and Atiu Islands. 

Filariasis is common in the Society Islands, where 
elephantiasis also occurs. In 1833 the total ab- 
sence of elephantiasis from the Marquesas was 
commented upon, but by 1843 it was reported as 
present on Nukuhiva, 

Though Filaria is often found in Hawaii, usually 
in the blood of Samoan immigrants, clinical ele- 
phantiasis is not common there. Both elephantia- 
sis and chyluria are recorded in Hawaii; the first 
by the Board of Health and the second by 
McKinley. 

Myiasis and larva migrans 

Myiases in man are reported from New Britain, 
New Ireland, and the Solomons. Larva migrans 
is reported in New Guinea. 

Oxyuriasis 

Entcrohms is reported from New Guinea Terri- 
tory, the Territory of Papua, the British Solomon 


Islands Protectorate, the New Hebrides, New 
Caledonia, Nauru, the Gilbert and Ellice Islands, 
Fiji, the Cook Islands, and Hawaii. 

Enierohins is reported from the Japanese Man- 
dated Islands and Guam. 

Entcrohius is present in the Hawaiian Islands, 
but the incidence there is unknown, since routine 
fecal examinations detect only a small proportion 
of cases. It occurs in the Marquesas. 

Sirongyloidiasis 

Sirongyloides slercoralis is reported from New 
Guinea Territory, the Territory of Papua, the 
British Solomon Islands Protectorate, the New 
Hebrides, New Caledonia, Fiji, American Samoa, 
and Hav/aii. It occurs frequently on Guam. 

Taeniasis 

Unspecified tapeworms have been reported from 
northern New Guinea, New Britain, New Cale- 
donia, and Tahiti. The reports to the League of 
Nations on the Japanese Mandated Islands men- 
tion them, but they have not been found on Guam. 

Diphyllohotkrmm latum has been reported from 
Papua. 

Hymcnolcpis nana^ the dwarf tapeworm is re- 
ported from New Guinea, Papua, Nauru, the New 
Hebrides, Fiji, and the Hawaiian Islands. Ac- 
cording to Hall, this is the common tapeworm of 
Hawaii. 

Taenia soginaia, the beef tapeworm of man, is 
reported from New Britain, the Carolines, the 
Marshalls, Fiji, and Hawaii. It is not present in 
New Guinea and Papua. 

Taenia solium, the pork tapeworm of man, is 
reported from Western Samoa, Nauru, and the 
Hawaiian Islands. It is not present in New Guinea 
and Papua. 

Trichinosis 

In 1941 the incidence of Trichwella spiralis in 
the Hawaiian Islands was reported as constituting 
an important public health problem there. 
Alicata in 1938 reported a high incidence (15 per 
cent) of infection among wild hogs on Hawaii, and 
since a large number of these animals are used for 
human consumption they are considered important 
in connection with human trichinosis there. 

Trichosirongylus infection 

Trichostrongylus infection is reported from Fiji 
and Hawaii. 
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Trichuriasis 

Trichuris is reported also from New Guinea 
Territory, the Territory of Papua, A 90% infeC" 
tion-rate is reported on Guam, the British Solomon 
Islands Protectorate, the New Hebrides, New 
Caledonia, Fiji, Gilbert and Ellice Islands, Rotu- 
mah, Samoa, Tonga, the Cook Islands, and Tahiti. 
According to clinicians, there is a relatively high 
incidence of Trichuris in the Hawaiian Islands. 

Scabies and other acariases 

In New Guinea Territor>% both scabies and 
cascas, which appears to be a complex of Sarcoptcs 
infection with bacterial invasion, are well knowm. 
Scabies is reported from the Territor}^ in Northern 
New Guinea, New Britain, New Ireland, and the 
St. Matthias Islands. It is reported also from 
the Territory of Papua and from Samarai Island. 

A red mite infestation often followed by ulcera- 
tion at infection sites is reported as common in 
New Guinea. Microlhromhidium wichmanni Oude- 
mans and Schdngaslia vandersandei Oudemans 
are reported as affecting man there. In tropical 
Australia and in Melanesia there are (in addition 
to Sarcoptcs scahd) various velvet mites which 
cause severe itching to the human skin. In Dutch 
New Guinea and New Guinea Territory Ciiento 
reports various mites which establish themselves 
in lesions in the skin but appear to be sometliing 
other than Sarcoptcs. A case of mites, possibly 
Rhhoglyphus sp., exdsed from skin tissue is re- 
ported from New Guinea Territory, 


Scabies is reported from the Palaus and from 
Yap and Ponape Islands in the Carohnes. 5ar- 
copies is reported in the Carolines and Alarshalls. 
Infestations by a harv^'est mite, probably Trom- 
bicula sp., in the Palau and Caroline Islands, and 
by a Tyroglyphus on Truk, in the Carolines are 
reported. 

Scabies is reported as common in the British 
Solomon Islands Protectorate. In the Lo\'alty 
Islands, it is reported from Lif ou, Mare, and Ouvea. 
It is frequent in the New Hebrides. 

Cases of scabies in natives and Chinese are re- 
ported from Nauru. The infection is ver}*' com- 
mon in the Gilbert and Ellice Islands, especially 
in children. In Fiji it is common among the 
natives. It is nddespread on Wallis and Horn 
Islands. In Western Samoa and Niue it is re- 
ported as common. In the Cook Islands, the 
Resident Commissioner states that it was prob- 
shly introduced into Palmerston Atoll from French 
vessels stranded there in 1913, that it has been a 
“plague” on Atiu, and that it is common on 
Rarotonga, In the IMarquesas the common infec- 
tion pueva bears a marked resemblance to it 
Scabies is reported also from Pitcairn. 

Scabies is reported from the Hawaiian Islands 
by the Hawaii Board of Health. In Hawaii skin 
rashes are reported to be caused by Liponyssushursa 
and Pedietdoides veniricosus. Rat mites of the 
genus Laclaps are considered as potential pests, but 
have not as 3’'et been reported as infesting man. 
No Trombidiids have been found there. 
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RENEWED CLINICAL ACTIVITY IN NATURALLY INDUCED VIVAX MALARIA=*^ 

Mark F. Boyd and S. F. Kitchen 
Station for Malaria Research^ Tallahassee, Florida 


In a previous paper (1) we presented observa- 
tions on the renewal of clinical activity in infections 
with the McCoy strain of Plasmodium vivax, 
experienced by 149 patients who had been naturally 
inoculated with parasites of this strain up to the 
end of 1935. The material enlargement of our 
series of inoculations now makes desirable a further 
analysis of the circumstances under which renewed 
or secondary clinical activity has been observed, 

MATERIAL 

In slightly more than 10 years time (June 12, 
1931, to August 1, 1941) there were on the malaria 
therapy service of the Florida State Hospital, 
388 patients, all white, successfully inoculated with 
vivax malaria by the application of infected mos- 
quitoes. Of these patients, 375 experienced 
attacks of clinical malaria in varying degree and 
13 exhibited only a transient parasitemia. The 
experience of the former group is the subject of 
our analysis. 

REMISSIONS AND THERAPEUTIC XNTERTERENCE 

In Table 1 the duration of the primary clinical 
activity (until either its spontaneous termination 
or its induced termination by therapeutic inter- 
ference) is compared with the frequency there- 
after of secondary clinical activity, assuming that 
remissions of 5 or more days may have marked the 
end of the primary attack. It will be noted that 
such secondary clinical activity was experienced 
by 105 (40.2 per cent) of 261 patients with spon- 
taneous remissions and by 59 (51.8 per cent) of 
114 patients in whom a remission resulted from 
some degree of therapeutic interference. Second- 
ary clinical activity was not noted in untreated 
patients whose primary attack exceeded 55 da3’^s 
in duration, or following attacks which had pro- 
ceeded for 45 da}^5 before interruption. The 
latter attacks, but for the interruption, may be 
regarded as of potentially longer duration, although 

* The studies and observations on which this paper 
is based were conducted with the support and under 
the auspices of the International ‘Health Division of 
The Rockefeller Foundation, in cooperation with the 
Florida State Board of Health and the Florida State 
Hospital. 


the means of the actual dinical activity experi- 
enced do not differ significantly. 

In Table 2 is summarized the extent of the thera- 
peutic interference with the primary attack, and 
with successive secondary attacks as well, up to 
and including the third. Full therapy signifies 
the administration of either a total of 14 grams or 
more of quinine or 1.5 grams of atabrine, in divided 
doses in either case. In general the interrupting 
or minor doses have been of quinine, in amount 
usually not exceeding a total of 2 grams. It will 
be noted that when termination of the primary 
attack was spontaneous, secondary'’ dinical activity 
occurred only among those patients (46.5 per cent) 
who did not receive subsequent therapy. In- 
terruption of the primary attack or an induced 
termination, without subsequent full therapy, 
resulted in the reactivation of a larger proportion 
(73.0 per cent). Many experienced a further 
series of secondary attacks, although at a decreas- 
ing rate for the corresponding class. Whan thera- 
peutic interference was followed by full therapy, 
secondary activity w^as noted only in from 21 to 
25 per cent of the patients. 

The frequency of secondary attacks according 
to (a) all patients, (b) the proportion which any 
group of such events bears to the whole, and (c) 
the proportion of patients who, having experi- 
enced one, experience another, is derived from 
Table 1 and expressed in percentages as follows: 


Perceiiiagcs oj Secondary Clinical Activity According to 
Tennination of Primary Attack 


NUMBER OF 
SECONDARY 
ATTACKS 

! SPONTANEOUS 

j 

INDUCED 

Among 

all 

patients 

! Of all 
second- 
ary at- 
tacks 

Of pre- 1 
ceding j 
group 

Among 

all 

jMitients 

Of all 
second- 
ary at- 
tacks 

Of pre- 
ceding 
group 

1 

40.2 

100.0 

40.2 

51.8 

100.0 

51.8 

2 

14.2 

35.2 

35.2 

25.4 

49.2 

49.2 

3 I 

3.4 

8.6 

24.3 

9.6 

18.6 

37.9 

4 ' 

1.1 

2.6 

33.3 1 

2.6 

5.1 

27.3 

5 

0.4 

1.0 

33.3 

1.8 

3.4 

66.6 

6 




0.9 

1.7 

50.0 


From this it appears that the interrupted in- 
fections present a larger proportion of secondaiy 
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attacks. Reactivating patients in this category The patients who had four or more (successive) 
had a mean of 1.78 such secondary attacks, as secondarj' attacks probably represent a class not 

TABLE 1 


Duration of Prmary Attack of Malaria and Frequency of Secondary Attacks in 164 Patients Experiencing 

Secondary Attacks 



TATIENTS j 

SECONDARY ATTACKS 

TOTAI, 

OUXATION OR INTERVAL TO 

I 


1 


2 

! 3 


i 


5 

\ 

6 



mST REMISSION 

AU 

Primary 













Attacks 
















Patients 




Ail 

Only 

All i 

i 

Only 

AU 

Only 

All 

Only 

AU 

Only 

AU 

Only 



days 





I 












Termination: 

















Spontaneous 

















0-7 

22 

1 ^ 

5 j 

3 

2 

2 









7 

5 

7-13 

74 

56» 

18 

12 

6 

3 

3 

2 

1 


1 

1 



29 

18 

14-20 

48 

13* 

35 

19 

16 

12** 

4 

2 

2 

2 





57 

35 

21-27 

30 

i 

16 

12 

4 

1 ^ 

1 

1 







21 

16 

28-34 

29 

16 

13 

8 

5 

5 









18 

13 

35-41 

22 

; 13 

9 

8 

1 

1 









10 

9 

42-48 

20 

1 12 

8 

5 

3 

2 

1 

1 







12 

8 

49-55 

9 

8 

1 

1 











1 

1 

5<S-62 

5 

5 



t 












63-69 

2 

2 















Total 

261 

|1S6 

105 

68 

1 37 

bs 

9 

i 

6 

3 

2 

1 

1 

0 

i 

0 

155 

105 

Induced I 


1 



1 

t 


1 









0-7 1 

13 

1 10* 

3 

2 

1 1 

1 


! 







4 

3 

7-13 

15 

6* 

9 

4 

5 

4 

1 


1 


1 


1 

1 1 

IS 


14-20 ! 

31 

! 15*** 

16 

9 

, 7 

5 

2 

2 







25 

16 

21-27 

16 

! 

9 

4* 

i 5 

^ 2 

3 

2 

1 


; 1 

1 



19 

9 

28-34 1 

21 

9 

12 

6 

^ 6 

2 

4 

3 

1 

: 1 





23 

12 

35-41 

12 

1 5 

7 

2 

1 5 

4 

1 

1 







13 

7 

42-48 ! 

6 

1 ' 

3 

3 











3 

3 

Total i 

114 

55 

59 

30 

; 29 

18 

11 

S 

^ 3 

i 

1 

2 

1 

1 

1 

105 

59 

All patients 

375 

211 


98 

i 

46 

i 

14 

1 

3 


2 


1 


164 

Ail secondary 



164 


66 


1 20 


6 


3 


1 


260 


Each star represents one 

j 















death witlun 6 mos. any 

j 















cause 


8 


1 


|2 










11 


Mean duration of primary attack 


TERMINATION 

IWTH PRniARV ATTACK ONLY 

WITH SECONDARY ATTACK 

TOTAL 

Spontaneous 

23.2 dt 1,1 

22.7 ± 1.4 

23.0 ±0.9 

Induced 

i 

20.8 db 1.9 

23.6 db 1.8 

22.2 ± 1.3 

Total 

22,6 1.0 

23,0 1,1 

22.8 ±0.7 


compared with a mean of 1.48 in those whose infrequently noted among treated autochthonous 
primary attacks ceased spontaneously. infections. The patient who had she is a young 
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white male, whose primary attack was interrupted 
by 1 gram of quinine on the 18th day (after inocu- 
lation). Repeated resumption of clinical activity 
lead to further interruptions, as follows: 

(1) On the 30th day by 0.6 gram quinine 

(2) On the 56th day by 1.5 gram atabrine (full 
course) 

(3) On the 145th day by 1,5 gram atabrine (full 
course) 

(4) On the 204th day by 14 grams quinine (full 
course) 

(5) On the 30Sth day by 14 grams quinine (full 
course), and finally 


particular period of the illness. Clinical activity 
was terminated in 77.8 per cent of the patients 
receiving full therapy; while in 29.0 per cent of 
those receiving therapeutic interference, even the 
small doses effected a termination rather than a 
remission. It does not appear that the period of 
the primary attack at which therapy of any kind 
was initiated influenced the likelihood of bringing 
about a termination. 

The duration of the first remission following 
different methods of therapeutic interference with 
the primary attack of 114 patients is shown in 
Table 4. While in 18 instances small doses of 


TABLE 2 


Relation oj Therapy to Termination of Primary Attack of Malaria and to Secondary Activity 


termination 

SUBSEQUENT THERATY 

PRIMARY ATTACK 

SECONDARY ATTACKS 

1 1st 

2nd 

3rd 

All 

Further 

1 

All 

1 Further 

All 

Further | 

1 

All 

Further 

No. 

m 

No. 

IB 

No. 

B9 

No. j 

P.c, 

Spontaneous 

None 

r 

: 226 

105 

46.5! 

82 

37 

45.1 

31 

9 

29.0 

B 

3 

42.9 


; Quinine 

1 


i 







B 




Minor 

2 

0 

1 


0 


1 

0 


B 




Full therapy 

30 

0 



0 


5 

0 


BB 




Atabrine 

3 

0 



0 

i 




B 

0 



Other 





0 

j 




B 



Total ; 

261 

105 

, 1 

40.2 

lOS 1 

1 

37 

35.2! 

. 1 

37 

9 

24.3 

9 



Induced 

None 

63 

46 1 

73.0 

32 

17 

53.1' 

22 

B 

40.8 

8 

2 

25.0 


Quinine 


1 

1 


i 



1 

1 

■ 






Minor 

2 

1 1 


8 ^ 

6 


1 

B 


2 




Full therapy 

37 

s ! 


15 ' 

4 

26.7 


0 






Atabrine 

8 

2 1 



1 


1 

1 


1 

1 



Other 

4 

2 

50,0 

1 : 

1 

1 






1 .. 

Total ; . 

114 

59 

51.6 

59 

29 

49.3 

29 

11 

1 



3 

[■ - — 

27.3 


(6) On the 415th day by 1.5 gram atabrine (full 
course) which terminated the infection. 

In Table 3 the incidence of the earliest secondary 
activity in 1 14 patients following (a) full therapy 
and (b) interrupting doses of various drugs is 
compared with the time of interference with the 
primary attack according to (a) days elapsing since 
inoculation and (b) days elapsing since clinical 
onset. Interference was practiced at any stage 
of the primary attack, but the close approximation 
of the mean days elapsing to either full therapeutic 
or interfering doses, indicates there was not any 
tendency to apply one rather than another at any 


quinine definitely terminated clinical activity, 
reactivation in most instances (39) occurred 
after remissions not exceeding 4 weeks in duration. 
On the other hand the 10 remissions produced by 
full courses of therapy ranged from 6 to 36 weeks 
in duration. When the effect of treatment is the 
production of a remission only, the duration tends 
to vary directly with the quantity of parasiticidal 
drug administered. The longest remission ob- 
served was of 282 days. 

CHARACTERISTICS OF REMISSIONS 

In Tables 5A and 5B there is presented a cor- 
relation of the duration of the first, second, and 




























































TABLE 3 

Eject of Therapeutic Interference at Different Periods with Primary Attach of Malaria in 114 Patients 


INTERVAL IN 

RESm.T 

[ TO INTERIXRENCE 

TOTAL 

o 

= 1 
1 i 

0 1 

1 ^ 

2 

2 

CN 

1 

05 

T 

rr 

<M j 

’O 

4> 

*o 

o 

No. 

P.c. 

A. Da3’'S from inoculation: 











j 



Full therapy begun 

Terminating 



6 

♦*9 

I 

2 

6 

1 

2 

1 

35 

77,8 


Not terminating 

1 

1 

2 

1 


2 , 

1 

2 



10 


Total 

j 



8 

10 

1 

10 

4 

7 

3 

2 

1 

45 


Interrupting dose | 

Terminating 


1 

5 

^ 1 

1 

4 

5 




20 

i 29.0 


Not terminating 



5 

6 

12 

10 

7 

6 

3 


49 


Total 


1 

10 

10 

13 

1 

!I4 

i 

12 

6 

3 


i 69 


\ 

B. Days from cUnical onset: 








i 






Full therapy begun 

Terminating 

4 

**6 

**12 

3 

5 

' 3 

2 




\ 35 

77.S 


Not terminating 


2 

2 

1 

3 

2 

1 


1 


1 10 


Total 

4 

8 

14 

4 

8 

■ 5 

2 

1 

[■■" ■ ■ ■ 

1 

1 

1 

: 45 


Interrupting dose 

Terminating 

3 

3 

4 

3 

6 

1 



! 


20 

29.0 


Not terminating 

2 

6 

15 

9 

6 

7 

^ 3 

1 


i 

1 

49 


Total 

5 

9 

19 

12 

1 12 

8 

3 

1 



69 



From inoc.: Mean days to full therapy 

Mean days to interrupting therapy 


33.4 ± 1.9 

34.5 ± 1.5 


12.49 S.D.t 


From onset: IVIean days to full therapy 

Mean days to interrupting therapy 

Each star represents one death within three months following interruption, 
t Standard deviations used for computing standard errors. 


20.3 1.7 

24.0 1.4 


11.55 S.D.f 


TABLE 4 


Duration of First Remission Following Therapeutic Interference with Primary Attack in 114 Patients 



* 1 death within 3 months following interruption, 
f 2 deaths within 3 months following interruption. 

% Columns containing missing spans of days omitted because of absence of observations falling within those 
imits. 
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tiiird periods of secondary clinical acti\dty, with secondary clinical activity rarely exceeded 3 
the duration of the remissions which preceded them, weeks (mean duration 6.9 days). When the re- 
further distinguishing between spontaneous (A) and missions were induced (usually the first), 15 pa- 

TABLE 5A 

Comparison of Duration of Remissions and Terminating Clinical Activity in 105 Patients 
A, Prior Remissions Spontaneous 


DURATION SECONDARY ATTACK IN DAYS 


duration prior remission 

0-7 

1 7-13 

14-20 

21-27 

1 28-34 

TOTAI. 



-u 1 

ra ! 

1 

*t3 

T3 


t? 




— j 



TJ 





fo 1 

^ 1 





TO 



»o 



JO 


days 


1 


■ 




B 

B 








0-7 

24 



B 



3 

B 

B 

2 



1 



37 


1 

6 


II 

1 

1 


B 

B 







7 


i 

1 

j 

2 

B 


1 

1 

! 

■ 

■ 





1 

1 


3 

7-13 

1 22 



13 ; 



8 



2 






45 



! 23 



1 



1 








25 




4 




1 

i 








4 

14-20 

8 


■ 

3 

■ 

m 


■ 

m 

m 


1 


j 


11 



1 

■ 


H 

B 


B 

B 

B 

i 

1 


1 

j 


1 

21-27 

7 


i 

1 


B 

^1 

B' 

B 

B 



1 


1 

8 



2 










j 

1 

j 


2 




1 1 

1 ■ ■ 


H: 

B 

^1 

B 

B 

B 




1 


1 

28-34 

■ 

1 1 


■■ 

B; 

B 

^|: 

B; 

B 

B 






1 


1 

1 

1 


B: 

B 


B 

B 

B 






1 

35-41 

2 

■ 

■ 

B 

B; 

B 

B' 

B 

B 

B 






2 

42-48 

[■ 


■ 

B 

B^ 

B 


B 

B' 

B 






1 

49-55 

B 

■ 

■ 

B 

B 

B 

B 

B 

B 

B 






1 

56-62 

B 

■ 

■ 

B 

B 

B 

B 

B 

B 

B 






1 

Total: 1st 

64 



25 ! 



' 11 



' 4 



1 


■ 


2nd 


34 



2 



1 








mM 

3rd 



8 ! 

! 


1 









■ 

H 


Remissions: Mean duration in days 1st 11.1 =b 0.9 

2nd 11.0 ± 1.5 9.23 S.D.* 

3rd 11.8 ±3.1 


Remissions: Mean duration in days 1st 11.1 ± 0.9 

2nd 11.0 ± 1.5 9.23 S.D.* 

3rd 11.8 ±3.1 

Secondary attacks: Mean duration in days 1st 6.9±0.6 

2nd 3.6 ±0.9 5.64 S.D.* 

3rd 2.6 ± 1.9 


* Standard deviations used for computing standard errors. 

induced (B) remissions. It will be noted that tients exceeded the maximum noted for the spon- 
most of the spontaneous remissions did not ex- taneous remissions, and the mean duration for the 
ceed 3 weeks in duration (mean of the first 11.1 group was consequently increased to 60.4 days, 
days), and none exceeded 62 days. The earliest The mean duration of the subsequent clinical 
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activity was 7*7* days, slightly more than in the 
prior group. The mean duration of the second 
and third spontaneous remissions did not differ 
materially from that noted for the first, although 


They were slightly longer in the group \rith in- 
duced remissions (5.9 and 6.5 days respectively). 
Since the longest remission arising spontaneously 
(Table 5A) lasted for 61 days, remissions following 


TABLE 5B 


Comparison of Duration of Remissions and Terminating Clinical Activity in 59 Patients 
B, Prior {1st) Remission Induced 


duratiok trjor 

REMISSION 

PITRATIOK SECONDARY ATTACK IN DAYS 

TOTAt 

0”7 

1 

1 ! 

14-20 

21-27 

2S-34 



*3 



1 * 

1 


*3 




rs 

** 




•V 

*3 



tN 





^ j 

rsi 

ro 

S j 


j 

X : 


**3 


r't 


ifayj 






1 

! 




1 

i 









0-7 


3 

1 

2 1 


1 i 


1 




1 




9 

4 

3 

7-13 


11 1 

3 

8 


1 1 



1 







17 

16 

5 

14-20 


1 

1 

4 

1 





1 



1 



12 

2 

1 

21-27 
















4 ; 



42-48 

1 

1 





1 









2 

1 


56-62 , 


1 















I 


63-69 1 

1 

1 








i 






1 

1 


77-83 



1 















1 

98-104 

1 















I 



105-111 

1 









j 






1 



154-160 











1 






1 


168-174 


1 

1 


1 












I 



182-188 










1 






1 



189-195 








1 









' 1 


203-209 

2 



1 












3 

j 


210-216 

1 











j 

[ 



: 1 



224-230 

1 I 

1 









j 





1 1 

1 


231-237 

1 















1 



238-244 




1 












1 



245-251 

2 















2 



252-258 


1 










1 

I 




1 1 


280-286 

1 


1 













1 


1 

Total: 1st. 

34 



17 



5 



2 



1 



59 



2nd 


20 



6 



2 



^ 1 






29 


3rd.. 



7 i 



2 



1 


i 

1 


1 




11 


Remissions: l^fean duration in days 1st 60.4 rfc 10.6 

2nd 4I.Sdbl5.1 81.35 S.D.* 

3rd 40.2 dr 16.4 


Secondary attacks: Mean duration in days 1st. 7 .7 dr 1.0 

2nd 5.9 dr 1*5 8.01 S.D.* 

3rd 6.5 dr 2,4 


♦ Standard deviations used in computing standard errors. 


probably significantly shorter than in the in- 
terrupted group. The second and third periods 
of dinical acti\dty by whicli the remissions termi- 
nated were shorter (3.6 and 2.6 days respectively) 
and were frequently limited to a single paroxj’’sm. 


therapeutic interference (Table 5B) ma}’* be 
roughly divided into those of 61 days or less, and 
those of over 61 dajrs duratioh. There are 77 
of these events in the former category and 22 in 
the latter, the actual limits of whidi range from 
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67 to 282 days. The mean duration of the cate-' 
gories thus subdivided is shown below. 


Mean Duration of Remission in Days 



INITIATION 
SPONTANEOOS 
(NONE OVER 

61 DAYS) 
MEAN DAYS 

INITIATION INDUCED 

AU 

61 days or less 

More 
than 61 
days 

1st 

11.1 zk 1.1 

60;4 

13.9 =i= 1.7 

196.6 

2nd 

ll.Odb 1.9 

41.8 

12.4 ±2.1 

1S0.6 

3rd 

11.8=1=3.9 

1 

40,2 

1 8.6 ±3.5 

i 

i 


(Standard deviation of 11 .59 days used for comput- 
ing standard errors.) 


The close approximation of the mean duration 
of the remissions of 61 or less days in length in 
patients with interrupted attacks, to the mean 
duration of those occurring spontaneously, may 
justify an assumption of their similarity, and serve 
to emphasize the dissimilarity of those which are 
of longer duration. 

As is well known, most vivax-infected patients 
experience quotidian intermittent paroxysms, 
which are due to the successive and alternating 
maturation of two broods of parasites. It is usu- 
ally feasible to distinguish these as odd or even, 
depending on whether the paroxysms they produce 
recur on odd-numbered or even-numbered days 
elapsing since inoculation. If the density of the 
parasites of one brood becomes reduced below the 
P3nrogenic level currently prevailing in the patient, 
the corresponding paroxysm be suppressed 
and the attack will change in character from a 
quotidian intermittent to a tertian intermittent. 
If both broods are reduced, a remission results. 
Thus one may assume that any remission which 
lasts, for example, for 5, 7, 9, 21, or 61, or any 

subsequent odd number of da}^ is terminated by 
the reactivation of the same brood of parasites 
whose original suppresssion produced it. On the 
other hand, if the remission lasts for 6, 8, 10, *, 
62, or any subsequent even number of days, it is 
terminated by the reactivation of the alternate 
brood. Of 260 remissions considered, 153 termi- 
nated on odd days, 107 on even. It is therefore 
likely that the clinical activity which terminates 
a remission is more often due to the reactivation of 
the brood through the suppression of which it 
arose. On the other hand, of the 24 remissions 
exceeding 61 days in length, 9 terminated on odd 
days and 15 on even da}-s, indicating that the 
termination of these long remissions more commonly 
marks the activation of the alternating brood. 


CHAKACTERISnCS OF SECONDARY CIINICAI. ACTIVITy 

The character of the clinical activity during the 
primary attack and the various secondary attacks 
is shown in Table 6. 

While these data may suggest that the primary 
attacks which came to a spontaneous termination 
were essentially milder, as evidenced by the smaller 
proportion of patients who experienced quotidian 
paroxysms during their illness, and the larger 
proportion whose attacks were tertian throughout, 
or changed from quotidian to tertian, as com- 
pared with the interrupted attacks, the differ- 
ences are not significant. On the other hand, 
when activity was resumed after the several 
remissions, the secondary attacks following spon- 
taneous termination of the primary, significantly 
exhibited a larger proportion of quotidian and a 
smaller proportion of tertian paroxysms than are 
noted upon reactivation after the interrupted 
primary attacks. Evidently the effect of the 
therapeutic interference in the latter group was 
not equally deleterious to both broods of parasites. 

CHRONOLOGICAL FREQUENCY OF SECONDARY 
ACTIVITY 

In Tables 7 A and 7B are presented the intervals 
elapsing from (a) the day of inoculation, (b) the 
day of onset, and (c) the terminal day of the pri- 
mary attack (each counted as zero day), to the 
onsets of the consecutive classes of secondary 
attacks, further distinguishing whether the earliest 
remission occurred spontaneously (a) or was 
therapeutically induced (b). The data have 
been condensed as follows: 


TESinNATION 

OP PRIMAYY 
ATTACK 

SEQUENCE 

OP 

SECOND- 

ARY 

ATTACK 

DAY prom INOCtnATION 

TO ONSET OP SECONDARY 
dJNICAE ACnVlTY 

2M32 

133-1 7^ 

175-202 

203-119 

Spontaneous 

1st 

104 



1 


2nd ; 

37 





3rd j 

9 





4th 1 

3 • 





Sth 

1 




Induced 

1st 

45 

2 


12 


2nd 

20 

2 


7 


^ 3rd 

7 

1 


3 


4 til 

1 



2 


5th 

1 



i I 


6th 




1 1 


All instances of renewed acti\ity after spon- 
taneous remissions ('ivith one exception in a pa- 
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ticnt with a protracted incubation period) 
were initiated either within 132 days 
following inoculation, 1 IS days following the onset, 
or 90 days following termination of the primar}” 
attack. Tins, we believe, indicates that all clinical 
activity obser\’’ed within these limits is actually 
a manifestation of the primar}'' parasitemia, and 
hence should be regarded as a continuation of the 
primaiy* attack (2). It will also be noted that 
70.5 per cent of the instances (74 of 105) of second- 
ar>" activity following therapeutic interference, 
also arose within an identical period, which we 
believe suggests that this fraction has a significance 


whose primary attack ceased spontaneously (see 
text figure)* Consequently it would seem that 
the secondary attacks directly related to the 
primaty pamsitemia may arise as late as the 174th 
day following inoculation, the 160th day following 
the onset, or the 125th day following termination 
of the primal}^ attack. The approximate initial 
limit of the second frequency distribution is about 
the 204th day following inoculation. 

The limitation, in this series, of all instances of 
clinical reactivation after protracted remissions 
to patients %Yhose primaiA' attacks were thera- 
peutically interrupted, is significant. 


TABLE 6 

Characterisfics of Ciinkal Activity 


Tr-RtfIN'ATIOS’ 

rRttfARV 

1 

i 

i 

arA-RACrnR or rAROXVsus 

rWUARV 
Acm'rry ' 

SECO.VDARV ACrrVTrV 

1 

Cases 1 

■ 

1 

1st j 

2nd 

3rd 

4th 

5th 

6ih 

Total 

iBl 

B1 

Spontaneous 

Quotidian 

66 

62.9 

50 

14 1 




■ 

67 

43,2 


Quotidian to tertian 

24 

22.9 i 

7 

1 1 



! 

■ 

8 

5,2 


Tertian 

15 

14.3 

28 

9 

1 

1 



39 

25.2 


Tertian to quotidian 



1 





■ 

1 : 

0,1 


One only 



19 

13 

5 i 

2 

1 


40 I 

25.8 

■ Total 

105 

HI 

105 

37 

9 1 

1 

3 

1 

■ 

155 


Induced 

Quotidian 

i 

46 

1 

78.0 

15 

5 

4 



1 

1 

■ 24 

22.9 


Quotidian to tertian 

8 

13.6 

5 

1 





5 

1 4.8 


Tertian 

5 

8.5 

35 

! 18 

5 

2 

1 2 

1 

63 

60.0 


Tertian to quotidian 



2 

' 1 





3 

2.9 


One only 


i .. 

2 

i 5 

i 2 

1 



10 

9.5 

Total 

59 

■ 

59 

29 

! 11 

3 

2 

I 

105 



similar to the former. The remaining 3 1 secondary 
attacks following induced remission began sub- 
sequent to the 132nd day, but of these 26 began 
subsequent either to the 203rd day following 
inoculation, the 189th day following the onset, 
or the 168th day following termination of the 
primaiy attack. None was noted to arise betw’een 
the 175 and 202nd days after inoculation. In 
two instances clinical reactivation has been ob- 
seiw’^ed after the lapse of more than one year from 
the date of inoculation. 

It is thus apparent that the onsets of sccondar^'^ 
attacks in the interrupted group show two distinct 
frequency distributions, tiie first of which closely 
coincides with, although it slightly exceeds, the only 
frequency distribution presented by the group 


Attention should be called to tw’o patients of 
the series in w^hom the prepatent and incubation 
periods w'ere 304, 304 and 283, 302 days respectively. 
The coincidence of these inten^ls to the last 
frequency mentioned above, suggests that there 
maybe an underling relationship to the protracted 
remissions just discussed. 

THE MCCOY STRAnJ" 

The infections considered w'ere produced by the 
McCoy strain of Plasmodium vlvax and 9 other 
strains of the same parasite, as shown in Table 8 . 
The frequency of secondary activity in McCoy 
infections subsequent to primary attacks is not 
significantly different from that in all the other 
strains observed, nor, w’hen interrupted thera- 
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peutically, does further clinical activity appear 
to be more likely with the McCoy strain. ' Re- 
newed actmty followed in 44.1 per cent of all 
McCoy strain inoculations, and occurred in 40.9 
per cent when other strains were used. 

The McCoy strain produced most of these 
infections, and was the only strain routinely 
propagated throughout this period. During ap- 
proximately ten years, as sho^vn in Table 9, this 
strain w^as passed through 60 consecutive and 
unbroken human-anopheline transfers, averaging 


is not apparent that their incidence was materially 
affected by the season in which the inoculation 
was effected. 

SIMULTANEOUSLY ACQUIRED DOUBLE INEECTIONS 

The analyses just discussed related to inocula- 
tions effected with P. vivax alone. A limited 
series of cases already reported (3, 4) suggests that 
in persons simultaneously infected with P. vivax 
and P. falciparum the proportion experiencing 
secondary vivax attacks subsequent to the 175th 



Onsets of Seconxjakt Attacks on Oats fromInoculation 

Fig . 1 


6 passages per year. We did not observe any change 
during this time in either the characters of the 
parasites or the infections which they produced. 
It does not appear that periods of renewed clinical 
activity following either spontaneous or induced 
termination of the primary'’ attack become either 
more or less frequent as the chain of passage ex- 
tends. 

The season of inoculation with the McCoy strain 
is considered in relation to the frequency of second- 
ary periods of clinical acti\dty in Table 10. It 


day following inoculation may be substantially 
higher than w^hen P. vivax is present alone. 

It may be recalled that following these double 
inoculations, the prepatent periods of the falci- 
parum and vivax infections were of normal limits, 
but the appearance of falciparum always preceded 
that of \dvax. Except in two instances, the density 
of the falciparum parasites early outstripped that 
of the vivax, so that the former parasites im- 
mediately dominated the clinical picture, requiring 
one or more small doses of quinine to restrain their 
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exuberance in four patients. In one other patient 
the dinical activity ascribable to the falciparum 
parasite was mild, and on the point of spontaneous 
cessation, when 8 days after the initial falciparum 
rise, the vivax infection began to flourish, and had 


parura, but soon succumbed differentially to 
the action of the small doses of quinine required to 
restrain the latter, and quickly receded without 
manifesting any effect on the clinical picture. 
Thus in every instance with therapeutic inter- 


TABLE 7A 

Interval from Vormt^ Events to Initiation of Secondary Activity 


After Spontaneous Remissions 


PAVS 

DAYS TO OMSET SECONTIASY ATTACK 

TOTAL 

0-27 

2S-5S 

50-53 

84-ni 

112-139 

From inoculation 







1st, 

1 

84 

16 

2 

1 

104* 

2nd 


20 

14 

3 


37 

3rd..... 



7 

1 

1 

9 

4th 



1 

2 


3 

5th 





1 

1 

Total 

1 

104 

38 

8 

3 

154* 

From onset primary attack 







1st 

39 

57 

8 


! 1 

105 

2nd 

2 

25 

10 



1 37 

3rd 


4 

4 

1 


9 

4th 



2 

1 


3 

5th 




1 


1 

Total 

41 

86 

24 

3 

1 

155 

From termination primary attack 







1st 

101 

3 

1 



105 

2nd 

31 

5 

1 



37 

3rd 

1 

7 


1 


9 

4th 


1 

2 



3 

5th 




1 


1 

Total 

133 

16 

4 

2 


155 


Mean days to secondary clinical activity 


i 

1st 

2ad 

3rd 


From inoculation 

46.0 db 1.8 

58.6 ± 3.0 

75.7 ± 6.2 

18.50 S.D,t 
18.13 S.B.t 

1 16.01 S.D.t 

From onset primary attack, ............. I 

34.0 1.8 

46.8 =b 3.0 
25.6 ±2.6 

61,7 ± 6.0 


11.1 =b 1,6 

35.9 ±5.3 

From termination primary attack | 


* Add one patient with incubation of 302 days, 
f Standard deviations used for computing standard errors. 


just initiated dinical activity when therapeutic 
termination of the malaria was required because 
of an intercurrent amebiasis. The vivax parasites 
in the remaining two patients initially exhibited a 
capadty to increase at the same rate as the falci- 


ference, a remission of the vivax infection resulted. 
In three of the patients secondary \dvax rises oc- 
curred after submicroscopical depressions lasting 
from 16 to 95 days and in each instance produced 
a period of clinical activity wholly characteristic of 
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vivax, which occurred before these patients re- 
ceived full courses of therapy. These vivax at- 
tacks subsided spontaneously, and shortly there- 


was given to terminate the falciparum infection. 
In three of these, secondary clinical activity was 
experienced beginning the 247th, 247th, and 295th 


TABLE 7B 


hitcrval from Various Events to Initiation of Secondary Activity 
After at Least One Induced Remission 




1st 

2nd 

3kd 

1 

S,D.* 

From inoculation 

94.7 =b 12.4 

121.0 ± 17.6 

152.3 ± 28.7 

95,02 S,D* 

From onset primary attack 

79.3 ± 12,4 
76.1 ± 12.7 

107.9 ± 17.6 

135.0 ± 28.6 

! 94.96 

From termination primary attack j 

87.0 ± 18.2 

110.4 ± 29.5 

97.90 

1 



* Standard deviation used for computing standard errors. 


after the full courses of therapy mentioned were 
given. No further clinical activity occurred. In 
the remaining four patients, no indication of a 
reactivation of vivax was noted before full therapy 


days after inoculation, with further activity oc- 
curring in two beginning with the 268th and 274th 
days. In our opinion this experience is attributable 
to the full therapy. 
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T/\BLB 8 


Frequency Secondary Ailachs v.dth DiJjcrad Siratns 



1 I 

KO 

3 


STCONTJAKY ATTACKS 



i 

TEJIMIXATIO?: 

STRAIX 

SECO.VPARV 







TOTAI» 



ATTACKS 

I 

2 

3 

4 

5 

6 

Spontaneous 

McCoy 

139 

57 

24 

6 

2 

1 


229 


8 other 

17 

11 

4 





32 

Total 

156 

68 

28 j 

6 

2 

1 


261 

i 

Induced 

McCoy 

46 i 

21 i 

-"I 

18 

8 

1 

1 

1 

102 

i 

9 other 

1 

9 i 

j 

3 i 

j 





12 

! 

Total 

55 i 

30 

IS 

8 

1 

! 1 

1 ‘ 

f 1 

1 

114 



TABLE 9 


Passages of the McCoy Strain of PlaSf?jodium rivax 




PATJEXTS 

j TEPlONATJOj; SPOKTA>JEOGS j 

1 TEKiOKATIOJf INDUCED 

VEAH 

1 

PASSAGES 

Primary 

inocu- 

lation 

Takes 

; Clinical 

rritnar>' 

attack 

onh" 

Scotidary attacks | 

Primary i 
attack : 
only 

Secondary’ attacks 



fat tacks 

J 

2 i 

3+ 

1 

Total 1 

I 

2 



1931 

1-4 

' 33 

29 

27 

5 

4 

i 

2 1 

1 1 

7 

5 

8 

2 

■ 

10 

1932 

5-9 

! 56 

47 

45 

12 : 

8 

■ 3 i 

1 1 

12 


5 

6 1 

D 

12 

1933 

10-14 

! 37 

28 

27 

10 : 

7 

1 

2 

10 

3 

2 

1 

1 

4 

1934 

15-20 

1 32 

26 

24 

10 1 

3 

1 

1 

5 

4 

3 

1 

1 1 

5 

1935 

21-25 

31 

26 

25 

15 1 

5 

1 

1 

7 

1 

1 

i 

1 1 

2 

1936 

26-31 

46 

35 

34 1 

14 ! 


4 

1 

12 

4 

1 

; 3 


4 

1937 

32-37 

53 i 

37 i 

36 i 

16 ! 


5 


9 

5 

3 


; 3 

: 6 

1938 

38-43 i 

38 1 

36 1 

35 1 

14 1 

8 1 

4 

1 

13 

2 

! 2 

4 


6 

1939 

44-49 1 

38 

29 ; 

28 1 

IS i 


1 


6 

2 

' I 

1 

1 


2 

1940 

50-56 

38 

33 , 

32 

17 i 


2 

1 

8 

! 5 

1 

i 


: 2 

^ 2 

1941 

57-60 , 

20 i 

IS 1 

IS i 

^ i 

I 



1 

j 

■ 6 

1 

' I 

1 


' 2 

' 3 

Total 

422 

344 , 

331 

139 ; 

57 1 

24 

9 

90 

46 

27 

I ^8 

\ 

56 
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TABLE 10 


McCoy Strain: Relation of Season of Inoculation to Secondary Aitachs 



termination spontaneous 

j TERJITNATrON tSDCCEI) 

SEASON 

1 Primary 

I Secondary’ attacks 

Primary ! 
attack 1 
only j 

1 Secondary attacks 


attack. 

only 

1 

2 


Total j 

1 i 

( 

2 

34- i 

Total 

Winter 

25 

15 



22 

mm 

8 

6 

1 1 

15 

Spring. 

39 f 

16 



18 1 

■H 

4 

3 

5 

12 

Summer * 

Autumn ! 

34 

41 i 

! 

12 

14 

1 



26 i 

24 1 


7 

8 

4 

5 

3 i 
2 

14 

15 

Total 

139 

57 j 

24 i 


1 

90 1 

46 

27 

18 

11 

56 
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ARXmCI/VLLY INDUCED \TVAX MALARIA 

In contrast to these obser\’’ations, it may be 
recalled that in the scries of artificially induced 
wax infections obser\"ed up to 1939, the mean 
duration of the primarj^ attack in 37 patients was 
16.85 db 1.80 days, with a maximum of 64 days 
(5). Secondar>^ clinical activity occurred in 37.04 
9.29 per cent of these. Strikingly, however, 
the remissions were of short duration, all secondary 
actmty arising within S w’ceks of the termination 
of the primary attack. It should furtliermorc be 
recalled that even the sUghtest degree of thera- 
peutic interference with the artificially induced 
vivax infections, frequently effected a termination 
of the infection, rather tlian a remission (6). 

SUMMARY 

In a series of 375 wiiite patients naturall}^ in- 
oculated with vivax malaria, renewed or second- 
ary clinical acti\it>’‘ was more frequently obser\xd 
following therapeutic interference with the primary 
attack, than w^hen the latter terminated spon- 
taneously. Clinical reactivation was not noted 
subsequent to attacks which came to spontaneous 
termination after 55 days of clinical activity, or in 
those w'hich attained 48 ,days duration before 
interruption. Patients receiving adequate therapy 
subsequent to a spontaneous termination of their 
primary attack, did not experience subsequent 
secondary attacks; but of those not treated 46.5 
per cent had further activity. Therapeutic in- 
terruption without further therapy resulted in 
secondary attacks in 73 per cent of the patients, 
but wdth adequate therapy in not over 25 per cent. 

There is not evident any tendency to effect 
therapeutic interference at one rather than another 
period of the illness. It does not appear that the 
period at which therapy was initiated influenced 
the likelihood of bringing about a termination. 
Full therapy (i.e., 14 grams of quinine or 1.5 
grams of atabrine) terminated the infection in 
77.8 per cent of the patients, while smaller amounts 
only effected this result in 29.0 per cent. WTien 
the effect of interference w^as the production of a 
remission rather than termination, small amounts 
of parasiticidal drugs produced remissions not 
exceeding four weeks; but after full therapy in 
seven out of 10 instances they exceeded 180 days 
in duration. The duration of the remission tends 
to vary directly with the amount of the particular 
drug administered. 


Spontaneous remissions are usually not over 
2 w’eeks in duration, and none was observed ex- 
ceeding 61 days. Second or third remissions do not 
materially differ from the first. Induced remissions 
(usually the first) often exceed the spontaneous in 
duration, but the subsequent secondary clinical 
activity does not materially differ in duration. 
Remissions varying from 67 to 282 days in duration 
accounted for 22.8 per cent of those experienced 
by the interrupted group. The shorter remissions 
in the latter group present a frequency incidence 
similar to those observed in the spontaneous group, 
while the longer are peculiar to the latter group 
alone. It is suggested that remissions whose 
length is in odd-numbered days are terminated by 
the reactivation of the parasite brood, the sup- 
pression of which produced it. The remissions 
wkich lasted 61 days or less, more frequently were 
of an odd number of days in duration, while in 
those exceeding this hmit the duration w’as more 
often of an even number of days. 

Some of the attacks which came to spontaneous 
termination were in general milder than those 
w'hich w'ere interrupted, an opinion based on the 
lower proportion of the former which were quotidian 
throughout, and the larger proportion of quotidian 
attacks w^hich became tertian and of those which 
were tertian throughout. However on reactiva- 
tion of the interrupted attacks, a larger proportion 
of the secondaries w^erc tertian than were observed 
in the group the primary attacks of which termi- 
nated spontaneously. 

The initiation of secondary clinical activity 
exhibits two frequency distributions. One distri- 
bution range is common to both the spontaneous 
and interrupted groups. In the former its maxi- 
mum extension is marked by the 132nd day follow- 
ing inoculation, in the latter group it extends to 
the 174th day. The second frequency range 
begins about the 204th day, and our observations 
carry it on to the 415th day; it has as yet only 
been observed in the interrupted group. While 
it is not unreasonable to ascribe the activity in 
the first range to the primary parasitemia, diffi- 
culties arise in the case of the second range. It is 
noteu’'orthy that the onsets of conspicuous examples 
of protracted incubation fall in the second range. 

Most of the infections analyzed were induced 
with the McCoy strain, which during the period 
considered experienced 60 uninterrupted mosquito- 
human passages. No changes were observed in 
its characteristics during this time. 
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DISOTSSION 

The continuous clinical activity initiated at 
the end of the incubation period in vivas malaria 
is logically denominated the primary attack, and 
is clearly a manifestation of the primary parasitemia. 
WTien a continuous series of parox>^sms ceases 
without later resumption of clinical actmty, the 
duration of the primary attack is dearly marked. 
Wlien the continuity is interrupted by the oc- 
currence of spontaneous or induced remissions of 
short and variable duration, definition of the 
termination point is difficult, as most distinctions 
have been made on a purely arbitrar}^ basis. Our 
present criterion of a minimal remission of 5 
is obviously inadequate. 

The circumstance that the onsets of the reneTOls 
of dinical activity exhibit tw^o frequency distribu- 
tions, one common to secondary activity arising 
after either spontaneous or induced termination 
of what is obviously a part of the primar}»‘ para- 
sitemia, the other observed only after therapeutic 
interference, indicates that we are probably dealing 
with two dissimilar groups. The first has been 
observed to extend as long as 174 days from in- 
oculation, and represents, we believe, activity of 
the primary parasitemia. Remissions occuring 
in this range of time do not mark the presumplive 
termination of the primary parasitemia, and hence 
of theprimary attack. On the other hand, activity 


V 

arising after the 204th day probably is not related 
to the primary parasitemia, and hence can be 
correctly regarded as secondary. We suggest 
that the term recrudescence be limited in its ap- 
pheation to the former, and the term relapse to 
the latter. 
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In. a previous communication (1) a complement- 
fixation test for the diagnosis of yellow fever virus 
infections in man and experimental animals was 
described, and its usefulness for this purpose was 
demonstrated by the high degree of correlation 
found to exist between the results obtained by this 
method and those obtained with the neutraliza- 
tion test. In certain directions, however, the use- 
fulness of both tests is limited by the relatively late 
appearance of the antibodies these tests were de- 
vised to detect, and a diagnostic procedure ap- 
plicable to the early stages of yellow fever is fre- 
quently desired. 

It is the object of this report to present data 
which, in agreement with the original observations 
of Davis (2), indicate that the complement-fixa- 
tion test, when employed to demonstrate the 
presence or absence of the specific complement- 
fixing antigen in sera taken during the acute phase 
of suspected yellow fever infection, may meet this 
need. 

While infectious monkey serum was used as a 
source of complement-fixing antigen by early work- 
ers on yellow fever, there is in the literature no 
uniformity of opinion as to the time and regularity 
of appearance of the antigen in the blood. Thus, 
Aragao (3), using as antigen human sera taken on 
tlie first or second day of illness was unable to 
demonstrate complement-fixing antibodies in con- 
valescent human sera. Frobisher (4) reported 
that fixation was weak and irregular when monkey 
serum antigens were used. Davis (2), however, 
was able to demonstrate the presence of antigenic 
substances in the serum of 40 of 43 monkeys bled 
from one to four days after inoculation of virus 
(two monkeys which furnished the negative speci- 
mens survived, the third died). Because of the 

* The work on wluch these observations is based 
was carried out with the support and under the auspices 
of the Servifo de Estudos e Pesquisas sobre a Fcbrc 
Amarela (Yellow Fever Research Service), which is 
maintained jointly by the Ministry of Education and 
Health of Brazil and tlie International Health Division 
of The Rockefeller Foundation. 

t From tlie Servdfo de Estudos c Pesquisas sobre a 
Febre Amarela, Rio de Janeiro, Brazil. 


regularity with which the antigen appeared in the 
blood, Davis suggested that the complement- 
fixation test might be applied to the early diagnosis 
of yellow fever. Frobisher subsequently reported 
that while pooled early-fever sera constituted a 
satisfactory antigen (5), the use of individual serum 
specimens as antigen was accompanied by a high 
proportion of falsely positive or negative re- 
sults (6). 

MATERIALS AND JIETHODS 

Anwials, Monkeys {Macaca imilatta) and 
Brazilian marmosets {Callithrix jacchus) were 
inoculated with virus and bled at intervals there- 
after; in the majority of cases the serum specimens, 
in addition to being examined for antigenic prop- 
erties, were inoculated into mice either to deter- 
mine whether virus was present or to ascertain the 
virus content. 

To test for the presence of virus, a small aliquot 
of serum was removed from the clot within several 
hours after the blood sample was drawn, and was 
injected intracerebrally in 0.03 ml. amounts into 
a group of six mice from 17 to 27 days of age. For 
titration purposes, serial 10-fold dilutions of the 
serum were made in physiological salt solution 
containing 10 per cent of normal human or monkey 
serum; each dilution was inoculated intracerebrally 
into six mice, in doses of 0.03 ml. per animal. The 
mice were checked daily to record deaths, and the 
virus titer was calculated according to the 50 per 
cent mortalit}' end point method of Reed and 
Muench (7). 

The remainder of the serum was stored in the 
refrigerator until sufficient specimens accumulated 
to warrant setting up the fixation tests. 

Temperature readings were taken twice daily on 
all the monkeys and on most of the marmosets; 
since marmosets, as previously pointed out by 
Laemmert (8), only infrequently react to infection 
witli 3’ellow fever virus with a temperature eleva- 
tion, daily temperature readings were made chiefly 
in those e.xperiments in which positive information 
as to the presence or absence of fever was required 
for correlation wdth other data. 
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Serum antigens. Where several spedmeDS of 
blood were taken from an animal, Uie sera ^Yere all 
examined for antigenidty in the same complement- 
fixation test* Prior to use all sera were inactivated 
at 60®C. for 30 minutes; the sera were diluted 
1:5 or 1:10 with physiological saline to avoid 
coagulation or precipitation which might occur at 
this temperature with undiluted sera* 

Liver antigens. To reduce to a minimum the 
nonspecific reactions reported to occur with liver 
antigens (5, 9), the method of Casals and Palacios 
( 10 ) for the preparation of brain antigens was 
followed. 

Livers were removed from monkeys or mar- 
mosets found dead, or Idlled when moribund; a 
portion was coarsely minced with scissors, weighed, 
triturated in a mortar with alundum and made 
into a 10 per cent suspension by tiac gradual ad- 
dition of 0.S5 per cent salt solution. This sus- 
pension was kept in the icebox overnight and then 
centrifuged liorizontally for 30 minutes at 2500 
r.p*m, in an International electric centrifuge* The 
supernatant was drawn off, frozen and thawed 
five times in a mixture of solid carbon dioxide and 
alcohol, which resulted in the precipitation of a 
small amount of amorphous material, and then 
spun at 3000 r.p.m, for one hour in an Inter- 
national centrifuge equipped witli an angle head* 
The supernatant from this run was passed through 
a Seita EK pad; and the filtrate, after the addition 
of merthiolate to a final concentration of i : 10 , 000 , 
constituted the antigen. 

Immune and normal test sera. The antigenicity 
of liver suspensions and of acute-phase sera from 
infected mouke}^ and marmosets was tested hy the 
use of pooled rhesus immune serum of knoum 
complement-fixing potency; several pools were 
required during the course of the work. Pooled 
normal rhesus scrum, proved free of complement- 
fixing antibodies, was included in each test as a 
control. 

Both the immune and the normal serum pools 
were always used in a 1:4 dilution and were in- 
activated at 60®C, for 30 minutes before use. 

Complement. Fresh guinea pig serum was used 
for complement. Before eacl\ test the comple- 
ment, diluted 1 : 10 and 1 :20 in saline, was titrated 
in the presence of 0*2 ml. of the highest antigen 
concentration (1:5 or 1:10 dilution in case of 
serum, undiluted in case of liver suspensions) to 
be used, and subsequently was diluted so that 
0,2 ml. represented two full units, the amount 
used in tlie test. 


Sensitked sheep cells. Sheep red blood cells 
were washed repeatedly wnth 0.85 per cent salt 
solution until the supernatant fluid was perfectly 
dear and colorless. The packed cells obtained b}^ 
horizontal centrifugation at 2500-3000 r.p,m. for 
IS minutes were resuspended in saline to make a 3 
per cent suspension and were sensitized by mixing 
the suspension with an equal volume of rabbit 
anti-sheep hemol}*sin diluted to contain three 
hemolytic units per 0.25 ml. The mixture was 
kept at room temperature for 30 minutes before 
being used to titrate complement. 

Complcmcut-fixaiion tests. These were con- 
ducted according to the technique previously de- 
scribed ( 1 ). Serial twofold dilutions (beginning 
with 1 :5 or 1 : 10 in the case of serum) were made of 
each antigen specimen to be tested. To 0,2 ml. 
of each antigen dilution were added 0,2 ml. of 
complement dilution followed by 0,2 ml. of 1:4 
immune or normal serum. After a primary 
incubation period of one hour at 37®C. followed 
hy 18 to 20 hours at 4°C., 0,5 ml. of sensitized sheep 
cell suspension was added, and the mixtures were 
further incubated at STC. for 30 minutes. At the 
end of the secondary incubation the extent of 
fixation was determined and recorded as + + 4 - 4 - 
when complete inhibition of hemolysis had oc- 
curred and as — when complete hemolysis had oc- 
curred; partial inhibition of hemolysis was recorded 
as +, ++ and 4 - 4 - 4 - according to the amount. 
The fixation end point was taken as the highest 
original dilution of antigen wliich gave at least 
4--b4- fixation. Appropriate controls on the 
hemolytic S}^tem and on tlie anticomplemcntar}' 
activity of the reagents were included in each test. 

experhienxal 

A7Jiigcmc acHvHy of monkey and marmoset sera, 
Preliminat}" investigations were made to determine 
whether complement-fixing antigen appeared in 
the blood of monke 3 ^ and marmosets and to ascer- 
tain whether the test adopted uxis suitable for tlie 
demonstration of tlie antigen. For tlie latter 
purpose it was necessary to dioose a period during 
tlic infection when the antigen might be considered 
as most likely to be present; in view of tlie un- 
certainty' in the literature regarding tlie first ap- 
pearance of tlie antigen, it was decided to take 
serum specimens as dose as possible to the da\' of 
death of the animal. As will be seen from table 1 , 
the test was of adequate sensitivity for the detec- 
tion of the antigen. 

The results obtained with six monkey's and 17 
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marmosets arc shown in table 1, in which the ani- 
mals arc listed by virus strain and according to the 
day of bleeding in relation to the day of death. It 
will be observed that complement-fixing antigen 
was present without exception in the blood of all 
the animals at or just prior to death and in the 
ease of monkey no. 6 was present four days before 
the death of the animal. 


this point, as well as on the relation of fever to the 
time of appearance of the antigen, the experi- 
ments described in the following section were done. 

Time of appearance of complement-fixing antigen 
and its relation to the Twelve monkeys and 

14 marmosets inoculated with various strains of 
virus were subjected to frequent bleedings, and 
the sera were examined for their content of virus 


TABLE I 


Occurrence of complement-fixing antigen in sera of monkeys and marmosets infected iviih ycUoivfa'cr virus 


ANIMAt 

VtTiUS STRAIN 
INOCUt^ATED 

RESULT or inoculation' 

EXAMINATION OF POSTINOCULATION SERUM 

Fever 

Death 

Scrum taken 

Virus titer 

C.-F. antigen 



day 

day 

day 



Monkey 







1 

Asibi 

5rd 

3rd 

3rd 

10-C.6 

Present 

2 

Asihi 

2nd, 3rd 

4th 

3rd 

* 

Present 

3 

Asibi 

3rd, 4th 

5tU 

Sth 

10-3 .G 

Present 

4 

Asibi 

Slh, Cth 

7 th 

7lh 

t 

Present 

3 

0. C. 

2n(l, Slh 

5th 

Sth 

iO-C.8 

Present 

6 

0. c. 

2nd thru 8th 

9lh 

Slh 


Present 

Marmoset 



nnm 

■Mi 



1 

0. c. 



HjlH 


Present 

2 

0. c. 

None 

■IH 



Present 

3 

0. c. 


Sth 

4lh 

IQ-T.O 

Present 

4 

0. c. 

4th 

Sth 

Sth 

10-6.7 

Present 

5 

0. c. 

1 

5tU 

Sth 

10-6 .0 

Present 

6 

0. c. 


Sth 

Sth 

10-8 0 

Present 

7 ! 

0. c. 

1 4th, Sth 

6th 

4th 

* 

Present 

8 ! 

0. c. 

1 None 

6th 

Sth 

10-6.3 

Present 

9 

0. c. 

Sth 

6th 

Cth 


Present 

10 ’ 

0. c. 


6th 

Cth 

10-3.0 

Present 

11 

0. c. 

1 

6th 

Cth 

>10-3 

Present 

12 

0. c. 


7th 

Sth 

10 -’< 

Present 

13 

0. c. 


7th 

Cth 

10 - 9.0 

Present 

14 

0. c. 


lltJi 

11th 

lO-B.o 

Present 

15 

A.C.-Bol. 


4th 

3rd 

t 

Present 

16 

A.C.-Bol. 


6th 

4th 

t 

Present 

17 

A.C.-BoI. 


Cth 

4th 

t 

Present 


* Serum not tested for virus. 

I Virus not detected in undiluted serum. 

% Serum not titrated; virus present in undiluted specimen. 


With the exception of monkey no. 4, virus was 
demonstrable, or present in high titer, at the 
same time as the antigen in the blood of all mon- 
keys and marmosets tested for both. While virus 
and antigen occur simultaneously in the serum in 
the terminal stages of the infection, this does not 
necessarily indicate that the complement-fixing 
activity of the serum is attributable to the virus 
per sc. In an attempt to obtain information on 


and of antigen. Owing to their small size and 
frailness, repeated daily bleeding of marmosets is 
attended by a high mortality rate; for this reason 
it was considered prudent to bleed a part of the 
animals during the early phase of the infection 
and the remainder during the later phases. Eight 
of the 12 monkeys were bled daily up to the time 
of death. The remaining four monkeys repre- 
sented animals used for other purposes in this 
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laboratory and hence a complete series of serum 
specimens was not available; these animals were 
included because it was of interest to determine 
whether the antigen appears in the blood of mon- 
keys which survdve infection with tlie virus. All 
serum specimens were titrated for antigen content, 
and wherever possible or feasible the freshly 
draTO sera were titrated for \drus content. 

The results are given in table 2. It will be 
noted that in five of the eight monkeys which suc- 
cumbed to infection the antigen was first detected 
in the blood on the third day after inoculation of 
virus. In one animal (monkey no. 12) the antigen 
appeared as early as the second postinoculation 
day and in the remaining two (nos. 7 and 14) it 
did not appear until the fourth day. 

The early appearance of the antigen in the cir- 
culation was confirmed in marmosets. Table 2 
shows that in four marmosets in which the serum 
was examined from the second postinoculation 
day on, the antigen first appeared on the third 
day, and in six animals in which sera were examined 
from the third day on, the antigen was ahead}'' 
present on the third day in five. In several in- 
stances (marmosets nos. 26, 27, 28) the antigen 
was not demonstrable in the blood until the fifth 
or sixth day. 

On the other hand, in the four monkej^s and one 
marmoset which survdved infection, the antigen 
was not detected in any of the serum specimens 
tested; tlie possibility exists, however, that its 
presence may have been missed by failure to ex- 
amine the blood daily over a sufficiently long 
period of time. 

As far as can be judged from the present limited 
experience, the time of appearance of the antigen 
in the blood was roughly dependent on the length 
of the inter\^al between inoculation and death of 
the animal; when this period was of 3 to 5 days 
duration, the antigen usually appeared on the 
third day; when longer, the antigen appeared from 
one to three da}'S later, i.e., between the fourth 
and the sixth days. 

If the febrile reaction is in any way related to 
the appearance of the antigen, it is not readily 
apparent from the data in table 2. Thus, despite 
the absence of a febrile reaction in the 11 mar- 
mosets whose temperatures were taken twice 
daily up to the time of death, the antigen occurred 
in the blood of all. Of the eight monkeys in which 
the infection terminated fatally, the appearance of 
the antigen coincided in five instances with the 
onset of fever, in one the antigen appeared on the 


day following a rise in temperature and in two the 
antigen appeared in the absence of fever. 

It will also be noted that although the appear- 
ance of the antigen tended to coincide roughly with 
an increase in circulating \drus toward the maxi- 
mum reached, this may be more apparent than 
real, since the antigen was not detected, despite 
the presence of relatively large amounts of cir- 
culating virus, in three monkeys and a marmoset 
which survived. 

From the lack of parallelism between the \irus 
and antigen content of the sera, it appears that 
antigenicity is associated ''rt'ith a factor which is 
distinct from the \irus, a conclusion prevdously 
reached by Hughes (11) in his study of the yellow 
fever precipitinogen. Hughes reported that the 
amount of circulating precipitinogen (and, by in- 
ferences, the amount of circulating complement- 
fixing antigen) varied roughly ndth the severity 
of the infection and was thus a reflection of the 
amount of tissue damage provoked by the virus. 
According to this author, the precipitinogen and 
complement-fixing antigen may possibly represent 
products of cellular injur}’' caused by the \drus. 
The febrile response to inoculation of the \’irus 
may conceivably be taken to indicate that suffi- 
cient tissue damage has occurred to elicit the 
presence of these substances in the circulation, but 
the absence of a febrile reaction does not neces- 
sarily rule out the occurrence of such an event. 

Monkeys nos. 15-18 inclusive and marmoset 
no. 31 may be taken as instances in which the 
hosts^ reacrion to the \drus was minimal, since 
inoculation of the \drus did not result in the ap- 
pearance of detectable amounts of antigen in the 
serum specimens tested, and the elevations in tem- 
perature which occurred were questionable (mon- 
key no. 15) or nonspecific (monkeys nos. 17 and 
18, which died of tuberculosis). Nevertheless, 
some reaction must have been elicited since serum 
specimens taken two to three weeks after inocula- 
tion of the virus contained both neutrahzing and 
complement-fixing antibodies. The results are at 
variance with the findings of Hughes on the pre- 
cipitinogen (11), but this may be due to the greater 
sensitivity of the complement-fixation test. 

Correlation hetween serologic a}id histologic diag- 
nosis of yellow fever. If the complement-fixing 
antigen represents a foreign protein formed and 
liberated from tissues attacked by the virus, it 
would be expected that the liver, which is almost 
invariably, and frequently severely, involved, 
would constitute one of the main sites of origin of 
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the antigen. The results of tlie complement- 
fbcation tests with sera were tliercforc checked by 
examining the livers of the corresponding animals 
for the presence of antigen and of lesions.' 

The data on 14 monkey's and 23 marmosets are 
sumniarir.cd in table 3. In 1 1 of the monkeys the 
antigen was detected both in the blood during the 
course of tlic infection and in the liver at death 
histologic examination of the liver rcvcaletl the 
presence of lesions of the t>*pc associated witli ex- 
perimental yellow fever. In the remaining three 
monkeys, the antigen was demonstrable in the 
blood, but not in the liver. A histologic diagnosis 
of yellow fever could not be made on tliesc three 

TABLE 3 


Ccmf^crison oj the results obtained by the ser elope and the 
hhtclopc method X of diat^nosh of y diene ferer 
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livers; two showed only slight fatty changes, and 
no ncaosis or inclusion bodies, and the third 
showed necrotic changes considered as atypical of 
yellow fever. 

As in the case of tlie monkc}^, the antigen was 
found in the Wood of all the marmosets. In 20 
of the 23 animals the antigen was also present in 
the liver, although a diagnosis of ycUow fever 
could not be made on four of the livers, whicli 
showed only evidence of fatty degeneration or a 

^ For histologic examination, small portions of liver 
were facd in 10 per cent formol-saUne and embedded in 
paraflin; the cut sections were stained with hematoxylin 
and cosin, 

* It should be noted here that in all cases in which 
the antigen was found in the liver, it was also found in 
the blood, but not vice versa. Since no attempts were 
made to free the liver of blood before testing for the 
presence of antigen, Uie possibility exists that the anti- 
gem'dty of the liver preparations was due to the residual 
blood within the organ and not to the hepatic issue 
itself. 


few necrotic cells. In the remaining three animals, 
the liver contained neither the antigen nor lesions 
which would permit of a positive diagnosis of 
yellow fever (one specimen showed only a few foci 
of necrosis considered as at>pical and the other 
two showed fatty degeneration; no necrosis or 
inclusion bodies were noted). 

Although a diagnosis of yellow fever could not 
be established from histologic c.xamination of the 
liver of tlie 10 animals referred to above, other 
evidence aside from the presence of antigen in the 
blood indicated that infection with the virus had 
occurred. Thus, two monkeys and one marmoset 
reacted to inoculation with an abrupt ri.sc in tem- 
perature on the second to fifth days, and all 10 
animals became prostrate and showed a terminal 
drop in body temperature. Circulating \nrus was 
present in all, occasionally in high titer. 

It appears from table 3 that the demonstration 
of complement-fixing antigen in the scrum of 
monke>'5 and marmosets constitutes a more ac- 
curate diagnostic means tlian docs histologic ex- 
amination of the liver; until a wider experience is 
trained, however, it is impossible to state whether 
or not the difference obscrv’cd in the results of the 
two methods is a true one. Six of the 10 animals 
in which the histologic examination of the liver 
resulted in a diagnosis of ‘^negative” or **qucstion- 
able positive’' were killed when believed to be in a 
moribund state and hence may have been killed 
before topical lesions liad an opportunity to ap- 
pear. On the otlicr hand, the majority of the 27 
positive animals \vcre killed under essentially 
similar conditions, and no difficulty was encoun- 
tered in establishing a histologic diagnosis of 
jtIIow fever. 

CO^OIEKT AND SUMMARY 

By the usual methods, a diagnosis of yellow 
fever in man early during the course of the iOness 
is impossible, since tlicsc are based on the isolation 
and identification of the specific virus or on the 
demonstration that specific antibodies appear as a 
result of the infection. Davis (2) as early as 
1931, however, showed that the complement-fixing 
antigen appears with regularity in the blood of 
monkeys succumbing to infccrion with yellow fever 
virus, and Hughes (11) in 1933 made a similar ob- 
servation with regard to the precipitinogen. Both 
authors suggested that the occurrence of the 
antigens they were deahng with might afford a 
means for arriving at a positive diagnosis of yellow 
fever in the acute phase of the disease. No further 
work appears to have been done on this subject, 
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however, and because of the practical considera- 
tions involved a reinvestigation of the matter was 
considered worthwhile. 

The complement-fixation test was chosen in 
preference to the precipitin test since in our ex- 
perience it proved to be the more reliable, and the 
presence of the complement-fixbg antigen could be 
readily demonstrated in sera apparently devoid of 
the precipitinogen. 

Eighteen monkeys {Macaca mulatto) and 31 
marmosets {Calliihrix jacchits) were employed in 
the present investigation. These animals were 
inoculated vnth the classic Asibi strain of yellow 
fever virus or with the O.C., A.C.-BoL, or ^^oicanes 
jungle strains of the \drus, and their sera were 
tested for the presence of complement-fixing 
antigen on one or more occasions after inoculation 
of the virus. The complement-fixing antigen tos 
present in the blood of all those animals which 
died or were sacrificed when moribund, but was 
not detected in the blood of those which survived 
infection and subsequently developed comple- 
ment-fixing as well as neutralizing antibodies. 

The lack of correlation between the virus con- 
tent and the antigen content of a serum indicates 
that complement-fixing antigenicity must be re- 
ferred not to the virus per se but to some substance 
resulting from the reaction provoked in the host’s 
tissues by the virus. A specific febrile response 
following inoculation of virus indicates only that 
the reaction to the parasite is of sufficient magni- 
tude to evoke the appearance of the antigen. The 
absence of a postinfection temperature rise does 
not necessarily imply the converse, however, 
since the antigen has been detected both in mon- 
keys and in marmosets which succumbed to infec- 
tion without showing a febrile reaction. 

At least two obvious explanations exist for the 
failure to demonstrate antigen in the blood of 
those few animals which survived infection; either 
(a) the serum spedmens tested were not taken at 
the appropriate inten’^als, or (b) the antigen was 
present in concentrations too small to be detected 
by the technique used. Experiments now in 
progress indicate that the latter explanation is 
probably the correct one, and it would seem, there- 
fore, that the antigen appears in demonstrable 
amounts cMefiy (and perhaps solely) in the blood 
of those animals in which the disease may be ex- 
pected to terminate fatally. 

In 10 of 37 animals a post-mortem diagnosis of 
yellow fever virus infection could not be made by 
histolo^c examination of the liver, although it 


was made during life by exammation of the serum 
for complement-fixing antigen. This suggests 
that the serologic test may therefore constitute a 
more accurate diagnostic method than does micro- 
scopic examination of the liver, although a broader 
experience is necessary before any unqualified 
statement is possible as to the greater accurac}’’ of 
one method over the other. 

Opportunity to examine human j^ellow fever 
sera has not been available, but if the antigen 
occurs in the blood of man also it should be possible 
to use the complement-fixation test for the early 
diagnosis of the disease in this host, provided that 
the method is applicable to all degrees of infection, 
and is not limited to severe or fatal cases. 
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Among war-limc problems is the potential 
danger of introduction of yellow fever into the 
southern United States. This threat, made scri* 
ous by the advent of international air travel, has 
been greatly increased by the dislocations and con- 
fusion of war. The Public Health Service, which 
is charged with the exclusion of quarantinablc dis- 
eases, has become so much concerned that it has 
gone to some lengths to organize a workable and 
effective control program, ready for immediate 
operation on short notice. 

QUARAOTINT ilEASimES 

Since the recession of yellow fcv'cr into the 
vastncsscs of the interior of South America and 
/ Africa, ship transfer of the disease has become un- 
likely, and quarantine measures directed against 
ships have been greatly reduced. Airplane traffic, 
however, is another story, and offers a real danger 
of introduction of the disease. 

There are two avenues through wliich infection 
may be brought. One is an infected mosquito 
that may be carried in the cabin of an airplane 
coming from infected areas. The oUicr is a pas- 
senger who has been infected, and is still in the 
incubation period, but shows no symptoms. The 
first of these dangers is combated by a vcr>’ ^Yide- 
spread system of spni>ring intercontinental and 
international aircraft with insecticide solutions 
before departure, while in flight, and on arrival. 
The responsibility for doing this with commercial 
aircraft lies on the U. S. Public Health Service 
through its Foreign (Jaarantinc Division. Mili- 
taiy aircraft come under the control of the Am'iy 
and X.avy, whidi have invited the cooperation of 
the Public Health Sendee in instituting adequate 
anti-mosquito measures. 

The more real danger is intnxluction of infcctctl 
I>as5cngcrs still in the incubation t^riofi. Against 
this, two particular measures arc in oj>tralion — 
the more jx^sitivc is immuniration against ycliov.’ 

* Read at the Annual Mealing of the .\mrrican S>t>- 
Cicly of Ttv'pical Mcvlicinr* at Cinrinnati, Ohia, No- 
vcml'cr 

« nitecter, U. S. HeaUh Sr^rNfet. 


fever of all military* personnel sent to infected areas, 
and most ciNnlians going from this countr>' to such 
localities. There arc, liowcvcr, some non-im- 
munized persons that arrive in this countra' from 
infected areas within the incubation period. Sev- 
eral years ago, it was determined that it was not 
feasible to quarantine airplane passengers and, in 
lieu thereof, for some years there lias been in 
operation a system of 5ur\*eiilancc whcrc!)y pos- 
sibly infected persons arc kept under obserx^ation 
by State, municipal and County Health Officers 
wherever they may go until the possible infective 
period has passed. 

Briefly, the details of sur\'cvUancc are these: 
The quarantine officer on inspection determines 
the persons who must be kept under surv'cillancc. 
He requires of them a statement of their destina- 
tion or destinations and either writes or wires the 
health officer concerned, requesting surv'cillancc 
until a spcdficd date — this being nine days follow- 
ing the last possible exposure to yellow fever. 
Nine days is used to cover six days of incubation 
and three days of infcctivity to mosquitos. Copies 
of such notifications to health officers arc 5c:U lo 
the Slate Health Officer in even' instance. It will 
be noted that this system involves the covojxration 
of State, municipal and County Health Officer:. 
At first it was somewhat hapliazard, Imt has 
steadily improved. Recent clvxk survxys indi- 
cate about seventy-five per cent cffcTtivcnc:-. 

It will be rccognirxxl at once that the puq>vc of 
sun'cillance is not to prevent the cnlmnco of 
ycllov; fever into the countn', !)Ut lo reveal im- 
mctiiatcly its introduction. Ohviourly, for such 
early notice lo be of value, we nvun be prrparc-.l In 
institute control mca«urc< at tv;ce. 

MfAsrr.r.s 

Upon the advent of vnir. the U. S. rddic Hrahh 
Sendee rcalirc'd that the danger of intr-vlucti rn of 
yellow fever 'would rapidly a^d at onre 

instilutc-d mcav.ire*^ ta trr.ln prrsar.nrl {••r its c-'n- 
Irol ;n the event a ew'-e o.-': rep-' r? e l Vp'u thr 
estnbt^hmenl cf thit :w:d c-fficr 

in War tl’x ycUP’w fever prr-'rrsm 

p!ncc:i in its hand^ it 
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sessed the necessary organization, specificall}" 
trained personnel, and specialized material and 
supplies. That office, in cooperation \rith the 
Director of U. S, Public Healtli Ser\dce District 
No. 4, established a definite plan of procedure 
which it is now prepared to put into operation 
within twenty-four hours in any locality in the 
usually accepted infectible area. 

The control program is based upon four specific 
operations. First control of cases and contacts; 
second, destruction of adult Aedes aegj’pti; third, 
immunization of possibly exposed persons; fourth, 
control of Aedes aeg>’pti breeding. 

The first of these operations is dearly a function 
of the local health department, and it is expected 
would be carried out by that organization. It 
would indude immediate isolation of cases and 
contacts in mosquito-free and mosquito-protected 
premises. The establishment of aeg>q)ti free de- 
tention camps should be necessary only in case 
infection had become widespread before discover". 

To destroy adult Aedes aegjqjti, the Malaria 
field office has two trucks completely equipped 
and ready to move to any place in the countr}^ 
These are ready-packed with an adequate supply 
of pyrethrum solution and pressure and pow’er 
sprayers of various types. Personnel to man 
them is already designated. Immediately on 
notification, they would be manned and sent over- 
land to the infected area, and w^ould there be avail- 
able for disinsectization of all premises. The 
pyrethrum spray to be used is a much stronger 
solution than is contained in commercial insecti- 
cides usually sold on the retail market, and is 
exceedingly effective against mosquitos, killing 
one hundred per cent of them in enclosed areas 
through the application of quite small amounts of 
the material. The pressure and pow’er sprayers 
available are very efficient pieces of apparatus so 
that a relatively small force of men can disinsect 
quite a number of houses during the course of tlie 
day. Pyrethrum sprays are practical!}^ non-toxic 
to human beings, and their use in destroying mos- 
quitos does not require any careful sealing of 
premises. 

For purposes of possible yellow^ fever control 
the Public Health Ser\nce maintains at its labora- 
tory in Hamilton, Montana a stock of one half 
million or more doses of yellow^ fever vaccine. A 
telegram or long-distance telephone call w’ould 
have this vaccine dispatched in adequate quan- 
tities by airplane within a few^ hours. The plan 


of utilization is to distribute the vaccine to private 
practitioners for use with their own patients, and 
to employ physicians to set up vaccination sta- 
tions wffiere the public at large w’ould be immun- 
ized. It seems unlikel 3 ‘’, in \iew of the fear of 
yellow^ fever that one might expect, that it W’ould 
be necessary to institute any enforced vaccination, 
campaign. The vaedne manufactured b}** the 
Public Health Service does not contain human 
serum and its use has not been attended with the 
development of outbreaks of jaundice. 

The Malaria field office as part of its regular 
work is carr}"ing out Aedes aegvq>ti control in a 
number of seaports in the southern states. The 
personnel engaged numbers something over one 
hundred trained workers. In case yellow^ fev’er 
actually broke out, this personnel already equipped 
would, within a few’ hours, be enroute to the in- 
fected area, and within the course of a day or tw'o 
would be at work on an adult and breeding con- 
trol campaign. 

Since Aedes aegjqiti is a domestic mosquito, 
ver>" definite immediate reduction of breeding mav" 
be secured through public appeal. The material 
for this is already prepared and would be made 
immediately available to new’spapers, radio sta- 
tions, and public speakers. ^Miere available, the 
Office of Civ^ilian Defense w’ouid doubtless be 
happy to utilize its very efficient block leader and 
air raid w^arden organization. 

ADKtNISTRATION 

The yellow’ fever control measures that w^ould be 
put into operation are broadly outlined abov’e. 
The details of operation in the field cannot, in this 
short paper, be described, but available for this 
work are trained W’orkers w’ho, through their 
training, C2iny the details in mind. The adminis- 
trative procedures of emplo}m3ent, purchasing, re- 
porting etc. w’ould be handled through an expan- 
sion of these functions already in operation by the 
Malaria field office. The onh’' administrative 
details offering any material difficulty are those 
involving setting the program rapidly into opera- 
tion. These for tlie most part ha\’’e been deter- 
mined upon and even the personnel who w’ill give 
the orders designated. Mostl 3 % the)’' v^^ll be ac- 
complished b)’’ long-distance telephone, and the 
places and persons to wdiom such telephone calls 
should be made have been designated, and are 
on record. 
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KELATIOKS WUTl THE STATES 
The public Hcaltli Scn’icc, of course, has al- 
\va}*s worked in cooperation with the State Health 
Departments, and no other method of procedure 
is contemplated for yellow fever control. The 
State Health O/Ticcrs, in infcctiblc territory have 
already been consulted and arc informed that the 
assistance here outlined is available to them im- 
mediately on request. They have all axpressed 
themselves as happy to know that this very’ con- 
siderable organization can be secured on a mo- 
ment’s notice. In actual operation, it is expected 


that it would proceed very much as docs Malaria 
Control in War Areas, through the State health 
organizations which would impose the authority 
of the State utilizing the technical advice and 
guidance of the cx})crt personnel supplied by the 
Public Health Service. 

We hope w'c may go through this war witliout 
the introduction of yellow fever. If it should 
occur, liowcvcr, we will not be found unprepared 
and we believe that we have taken reasonable 
steps to insure its immediate detection and rapid 
control. 
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A case of Sirmigyloides stcrcoralis infection was 
recently diagnosed in northern New York State, 
Although that fact is not particularly remarkable 
in itself, the case presents certain problems which 
seem to justify discussion, 

CASE REPORT 

K. K,, ^97270, 63 year old male white Polish junk- 
yard worker, admitted to the Rochester hlunidpal 
Hospital on May 27, 1943 and died on the fifteenth day 
thereafter. Chief complaint was ‘Stomach trouble and 
diarrhea” of two weeks duration. Present illness be- 
gan suddenly with sharp nonradiating periumbilical 
pain and watery diarrhea without gross blood or pus 
seven to eight times a dayj sjTnptoms persisted up to 
the time of admission. One week before admission the 
patient began to vomit recently ingested food without 
gross blood or feces; he then stopped taking food, and 
for about six days prior to admission took little but 
ethyl alcohol. For several days he had had generalized 
body aching. There had been no chest pain, cough or 
expectoration. 

The patient lived for 33 years of his life in Poland, 
then immigrated directly to Rochester, New York, 
and had not left this city since his arrival 30 years ago. 
Nine years ago he was examined at this hospital for 
acute intestinal perforation. Much cloudy fluid \vas 
found throughout the abdominal and pelvic cavities, 
and a large very hard mass grossly resembling a car- 
cinoma was found involmg the ascending colon and 
hepatic flexure; tlicre were large hard nodes scattered 
through Uie mesentciy, and the omentum w’as adherent 
to the mass. No point of perforation was found, and 
the mass could not be mobilized. An ilcotransversc 
colostomy was done and tissue taken for biopsy. B. 
coJi was cultured from the abdominal fluid, and the 
biopsy showed a hard yellow-white tissue which %vas 
found to be organizing connective tissue with many 
round cells and fewer pobnnorphs. The postoperative 
course was uneventful, and apparently the patient had 
remained \vcll until the present episode, 

Ph^'sical examination showed an acutely ill, dehy- 
drated, well developed middle aged male, temperature 
3S.8°C., pulse S4, respirations 40, and blood pressure 
130/S5. The skin was dear without pctcchiac or c>'- 


anosis. The fingers w'cre dubbed. The thorax showed 
good expansion but intercostal retraction laterally. 
The lungs presented no abnormal signs and abdomen 
was flat with an old right upper rectus scar; there ^vas 
moderate voluntarj'- spasm throughout. The spleen 
was felt one fingerbreadth below the costal margin. 
No abdominal masses, point tenderness or fluid >vas 
detected. Rectal examination revealed no masses or 
tenderness or gross blood on the examining finger. 

Admission laboratory studies showed negative Was- 
sermann and Kahn tests, leukocyte count of 6,400, 
eo’^throcyte count of 4.0 millions, and hemoglobin of 
13.0 grams. The red cells appeared normal in size, 
shape and color, the number of platelets appeared ade- 
quate, and a diflerential count demonstrated 67% 
neutrophils, 22% l 3 Tnphoc>’tes, 8% monocytes, 2% 
eosiaopbib, and 1% basophib. The urine showed a 
trace of albumin. A glove fecal fragment was dark 
hvown without gross blood but gave a positive guaiac 
reaction, and direct microscopical examination re- 
vealed no evidence of intestinal parasitosis. The blood 
nonprotein nitrogen was 28 milligrams, albumin 2.9 
grams, globulin 1.7 grams, chlorides 554 milligrams, and 
carbon dioxide combining power 44 volumes per 100 cc. 
The admission blood culture, Widal agglutinations with 
H and 0 antigens, and stool culture for pathogens were 
negative. A concentrate of fasting gastric contents on 
the tenth day was negative for tubercle bacilli. A 
stool was purified for tubercle bacilli but the guinea 
pig died before a satisfactor>' examination could be 
made. 

A chest plate taken on the day of admission showed a 
large calcified plaque on the left leaf of the diaphragm 
and numerous large round splenic calcifications. There 
were extensive caldfications at both lung roots. The 
lower portion of the left lung field and Uic whole right 
field showed hard linear marlangs with soft peribron- 
chial densities. The plate was interpreted as revealing 
an extensive old infection with fibrotic cliangc and old 
calcified tuberculous lesions. 

The patient was placed on atropine sulfate and hy- 
drated parenteraliy. The temperature remained near 
39®C. throughout the hospital course. The pulse 
climbed slowly from 84 at admission to 160 on the day 
of death. The respirator}* rate varied from 32 to 50; 
the patient never comphuned of dyspnea although often 
respirations appeared labored. Crepitant riles slowly 
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spread upward through the chest, and on the third day 
a small area of bronchial breath sounds was found in 
the right axilla. Dullness to percussion was found in 
the right axilla and at the base on the tenth day. 
There was no cough or sputum until the thirteenth 
day. The abdomen became softer, but mild diffuse 
tenderness persisted. 

The leukocyte count remained low. On the third 
day it w'as 5,500 and on Uie fourth 5,000. Sulfathia- 
2 ole treatment was instituted on the fourth day but 
discontinued after a total of 11 grams had been ad- 
ministered because the count dropped to 2,400. From 
the sixth to the twelfth days the leukocyte count 
varied from 4,000 to 5,200. The differential count 
showed no tendency toward a constant significant shift; 
the percentage of eosinophils varied from zero to 2% 
in counts of 200 cells. 

Rectal tenesmus was persistent throughout the hos- 
pital course. The patient had his first bowel move- 
ment on the third day. It was brown, liquid and guaiac 
positive. Thereafter there were one to three liquid 
stools a day, all guaiac positive, and many with much 
mucus. Several direct microscopic examinations re- 
vealed no protozoa or helminth eggs or larvae. A zinc 
sulfate centrifugal flotation examination was made on a 
liquid stool on the sixth day, and many rhabditiform 
SiroJigyloidcs stercoralis larvae were found. No other 
parasites were seen. 

On the seventh day the patient was started on a 
course of enteric-coated gentian violet medicinal, 0.06 
gram t.i.d. before meals. Larvae were abundant in 
direct stool examinations on the ninth day when the 
gentian violet first appeared in the feces, but by the 
thirteenth day they were not to be found in stool 
concentrates. 

On the twelfth day the patient appeared worse and 
the pulmonary lesions were obviously progressing 
rapidly. A chest plate showed an increase in the soft 
peribronchial infiltration scattered through both lung 
fields over that found in the admission plate. On this 
day 0.1 gram of gentian violet was admim'stered in- 
travenously in 0.5% aqueous solution. 

On the thirteenth day the patient bad a severe shak- 
ing chill lasting ten minutes with a temperature rise to 
40.4°C. There was severe abdominal pain T.rith the 
passage of much flatus and a copious liquid bowel 
movement. Cyanosis was moderate. The abdomen 
was distended and tympanitic, and there were severe 
generalized abdominal tenderness and rebound tender- 
ness referred to the right, Borbor>^gmi were audible 
but not marked. The leukocyte count at this time 
was 1,900 with 86% neutrophils showing a marked 
shift to the left. A chest plate revealed coalescence 
* of the markings above the right lung root, which was 
increased in size over that seen in the previous day’s 
plate; the changes were those of bronchopneumonia or 
of a bronchial disseminated tuberculosis. A blood 


culture was negative. Sputum for the first time be- 
came available and tubercle bacilli were found, 

.The patient’s course continued dorahill, and he died 
on the fifteenth da}’' after admission. 

Postmortem examimtw n 

The autopsy was performed by Dr, Frank W. jMcRee 
two and one-quarter hours after death. Much path- 
ology was found, mostly referable to a widespread tu- 
berculous infection. Among the anatomic diagnoses 
were listed bilateral tuberculous bronchopneumonia, 
tuberculous enteritis with multiple perforations of the 
small bowel, acute fibrinous and tuberculous peritonitis, 
and other widely scattered tuberculous lesions. 

Without taking space to go into detail, it may be 
sufficient to state that no evidence, gross or microscopic, 
was found indicating pulmonar)'' or intestinal strong}^- 
loides infection. No adult or larval worms were found, 
and no eosinophilic tissue reaction was seen. The 
mucosa of the ileum was missing in several areas, and 
at the sites of three deep mucosal ulcerations there 
were punched-out perforations ^^ith rolled edges, the 
largest measuring 4 by 4 cm. Along the margins of 
the perforations there were many subserosal tubercles. 
The submucosa and muscularis of the ileum were edem- 
atous and heavily infiltrated with round cells and many 
young tubercles. There were numerous ulcerations 
of the ceaal mucosa and these also were surrounded by 
tuberculous lesions. No evidence of the large bowel 
tumor seen at laparotomy nine years before was found, 

NOSOGEOGRAPHY 

In the attempt to reach a conclusion as to the 
source of the Sirongyloidcs infection in this patient, 
it is necessaty to estimate the infection’s approx- 
imate duration. Faust (1931) has given helpful 
information on this point, stating that tliere is a 
marked cosinophilia and leukocytosis during the 
periods of the worms’ invasion, incubation and 
early oviposition, but that, as the infection be- 
comes chronic, the leukocyte count and the per- 
centage of the circulating eosinophils decrease. 
Again in 1938, Faust states that, as the infection 
becomes chronic, there may be a leukopenia. In 
the case under discussion the leukocyte count 
varied around the lower normal limit, and the 
proportion of eosinophils was nc%'er found to ex- 
ceed 2% and on several days no eosinophils were 
found in counts of 200 cells. The evaluation of 
the significance of tlicse blood findings is little 
complicated by the coexistence of the acute dissem- 
inated pulmonary tuberculosis and tuberculous 
peritonitis. The high proportion of monocytes, 
which on two days formed 8% of the v.’hite cells. 
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and the low proportion of lymphocytes, which on 
four days was 12% or less, may indicate a blood 
response to the tuberculous infection. However, 
the white count was constantly low throughout 
the hospital oourse in spite of the expected leuko- 
cytosis which usually accompanies an acute tu- 
berculous infection. It is fair, therefore, to say 
that the strongyloidiasis was probably a chronic 
infection. 

Thus the present infection could have originated 
either in Poland or in Rochester, New York. 
These are the only possible source areas in this 
case. Brumpt (1936) says, “En Europe, ce 
parasite est loin d’etre rare en Italie, en Alle- 
magne, en Belgique, en HoUande,” and, although no 
definite statement could be found on the subject, 
it is supposed that a similar situation exists in 
Poland. If Poland was the source area of infec- 
tion, the patient had harbored worms for more 
than 30 years. No reported infection of such long 
duration has been found in the literature. Schafer 
and Lodenkamper (1935) and Bodon (1941) de- 
scribe cases in which the infections apparently had 
persisted at least 20 years. 

If the present infection had, indeed, persisted 
for more than 30 years, it is necessary to realize 
that the continuation of the infection had de- 
pended on frequent autoinfections or hyperinfec- 
tions or both. The fecundity of human strains of 
5. siercoralis is apparently rather short-termed, at 
least in experimental animals (Faust, Wells, 
Adams, and Beach, 1934). In summing up their 
work, Faust et al. (loc. cit.) conclude, . unless 
internal infection is predicated, it is inconceivable 
that man remains infected for a period from fifteen 
to twenty years without outside exposure or hy- 
perinfection . . . internal infection (hyperinfec- 
tion) (sic) is the only satisfactory explanation for 
prolonged chronic strongyloidosis.” 

The patient under discussion gave a history of 
often tying on the ground during the noon hour in 
warm weather in the Rochester Junk yard in which 
he worked. In view of the possibility tliat he 
might have acquired the infection in this manner 
and that some of his fellow workers might have 
done likewise, single non-refrigerated stool speci- 
mens from each of the seven yard-workers who 
were employed at the time the patient entered the 
hospital were examined by direct and zinc sulfate 
technics. No e\ndence of strongyloidiasis w^as 
found. No history of skin lesions suggestive of a 


strongyloides dermatitis could be obtamed from 
the patient. 

The nosogeography of strongyloidiasis in the 
northern parts of the United States is imperfectly 
known. Hinman (1938) states that, although the 
incidence of the infection in the southern United 
States is as high as 1 to 5%, little is known of the 
distribution in other parts of the country. The 
question of autochthonicity of reported cases is, 
of course, the limiting factor. Autochthonous 
cases have been reported from New York City, 
eastern Tennessee, Cincinnati, and Kansas City 
(Faust, 1938). Ginsburg (1920) describes a case 
in a native-born woman who had . . lived all 
her life in the western part of Pennsylvania.” 
Cadham (1933) reports the infection in a Cana- 
dian nurse who “. . . had been a resident of Canada 
since birth and for some years previous to her 
illness had not been outside the prairie provinces.” 
In 1941 Bodon reported Strongyloides infection in 
an Italian man and wife who had migrated to East 
Rochester, New York from Italy 20 years before 
the infections were discovered. Both patients had 
lived in East Rochester since their arrival. Bodon 
concludes, “Both individuals undoubtedly ac- 
quired the parasite in Italy. , . Faust in 1943 
stated, “I think it is possible but rather unlikely 
that genuine cases of endemic strong>doidiasis 
occur in central New York State, as for example, 
in the Finger Lakes Region.” 

It appears, therefore, that no conclusion can be 
reached regarding the source of the infection in 
this patient. It would be unfortunate to discard 
the possibility of Rochester’s being an endemic 
focus merely on the basis of the parasites’ distribu- 
tion as it is now known or on the suppositions which 
surround current thinking on the meteorologic 
factors governing the extraparasitic phases of 
the worm’s biology in nature. Three cases of 
strongyloidiasis have been found in Rochester in 
the past three years. Certainly the question 
of the northern limit of the parasite’s natural range 
invites further study. 

DIAGNOSIS 

The tendency in many laboratories to use only 
direct examination technics on liquid stools — as 
was at first done in this case — may be explained by 
the emphasis that has been placed on End amoeba 
histolytica infections and the seeming necessity to 
prove all nonbacterial infectious diarrheas and 
dysenteries to be on an amebic basis. Since there 
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is no quick method knowm as yet to concentrate 
stools for amebic trophozoiteS; the forms which 
appear in liquid stools, they are searched for in 
simple direct fecal preparations. However, since 
several enteric helminthic parasitoses ma^'’ be 
responsible for diarrheas and dysenteries and 
since the zinc sulfate centrifugal flotation technic 
(Faust et ah, 1938, 1939) has proven successful 
for the concentration of 5. stcrcoralis larvae and 
helminth eggs, to neglect concentrating liquid 
stools is to court missed diagnoses in these cases. 

It is important, however, to bear in mind, as has 
been repeatedly emphasized from many quarters, 
that in strongyloidiasis as in other intestinal 
parasitoses, the repeated absence of coprologic 
evidence of infection does not necessarily indicate 
an absence of infection. Faust et ah (1934) in 
work on canine infections with a human strain 
of S, siercoralis found that, following the incuba- 
tion period and the attaining of maximum ovi- 
position, the egg output of the female worms gradu- 
ally decreases to the zero point, the explanation 
being found in the local tissue reaction to the 
parasites. Thus the stool examination may be 
negative for months while many nonovulating 
female worms are present and producing pathology 
in the intestinal mucosa. Another cause for fail- 
ure to demonstrate larvae in the stool, in this case 
in the presence of ovulating females, is found in 
the relative fragility of strongyloides rhabditiform 
larvae; Cordi and Otto (1934) in studies on the 
effects of various temperatures on larvae of 5. 
fuUcborni found that the larvae disappear quickly 
from stook kept for only short periods in the ice- 
box. 

PULMOJSTARY STRONGYLOIDIASIS 

Strongyloides pneumonitis is a well-known en- 
tity (Faust, 1939). Hinman (1937) describes two 
cases of Strongyloides bronchitis. Yoshino (1932) 
telk of 25 cases of Strongyloides enteritis, 14 of 
whom had a complicating bronclutis. Lar\^ae 
were found in the sputums of three of the latter. 
Thirteen of the 25 cases died from complicating 
disease, mostly bronchitis. Gage (1911) tells of a 
patient who presented admission signs of diffuse 
bronchitis and lobar pneumonia of both upper 
lobes and who developed a cough but veiy little 
sputum; the differential count showed 3.2% 
eosinopWls, Strongyloides larvae were found in 
the sputum. The lungs cleared rapidly although 
the larvae persisted in the sputum for two months. 


Diarrhea developed after the patient had been 
observed for one week, and death followed two 
months after admission. Postmortem examina- 
tion confirmed the diagnosis of Strongyloides pneu- 
monitis and enteritis. Barlow (1R15) reports a 
case of strong}doidiasis with signs of broncho- 
pneumonia but emphasizes the necessity of ruling 
out other possible etiologic agents, such as tuberde 
badlli, in such cases. 

Mackie (1939) makes the statements, , . 
most, if not all studies of the clinical significance 
of the parasite {Strongyloides stcrcoralis) have been 
insuffidentiy controlled. Persons harboring the 
Stro7jgyloidcs have necessarily been exposed to 
infection by numerous other intestinal parasites, 
helminthic and protozoal, to say nothing of bac- 
terial” and “I have not seen intestinal disease 
which could with certainty be ascribed to Strongy- 
hides infestation.” The patient here presented 
serves as a particularly good case in point. The 
clinical sjTnptoms and signs indicated severe 
pulmonaty and intestinal pathoiog 3 % Strongy- 
hides lan^ae w^ere found in the stools. Tubercu- 
losis w^as also considered, but no tuberde badlli 
could be found in gastric w'ashings and no sputum 
w^as produced until late in the patient’s course. 
Chest plates show^ed wide-spread and rapidly 
progressing pulmonary lesions as w’ell as abundant 
evidence of andent calcified pulmonar>" tubercu- 
lous lesions and splenic calcifications suggestive 
of old intestinal tuberculosis. Intravenous gen- 
tian \iolet w^as administered because of the possi- 
bility that the acute pulmonary lesion represented 
a Strongyloides pneumonitis, even though lars^ae 
of pulmonar}’' origin were not recovered. 

STRONGYLOmiASXS COMPLICATING PULMONARY 
TOTERC0LOSIS 

Chandler (1929) emphasizes the mechanical 
injury to the lung produced by migrating hook- 
w’orm larvae and states that pulmonary infections 
are more frequent and more severe in hookw^orm 
patients than in persons without hookworm in- 
fections, w^hile Strong (1942) makes the statement 
that the lesions and sj’^mptoms of pulmonary irri- 
tation in Strmigyloidcs infection arc more severe 
than those noted in hookw’orm infection. It 
seems likely in the patient here under considera- 
tion that the development of the fulminating dis- j 
seminated tuberculosis from an old inactive j 
pulmonary process may have been associated with f 
a recent migration of a significant number of i 
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Siroitgyloides larvae tlirough the lung in the course 
of their normal development. Such a series of 
events would suggest mass hyperinfection or auto- 
infection. 

Martinez (1933) describes a case of intestinal 
strongyloidiasis complicating pulmonaiy tubercu- 
losis in a 28 year old Spaniard. The illness began 
four years previously with frequent persistent 
bouts of bronc^tis. Two years later a severe 
stubborn diarrhea appeared and after a few months 
active pulmonary tuberculosis supervened^ 

It is, of course, difficult to prove a causal rela- 
tionship between the pulmonary migration of 
large numbers of Stroiigyloides larvae and the 
activation of pulmonary tuberculosis, but the 
pathology involved in each of the infections makes 
such a course of events an interesting and signifi- 
cant possibility. 

TREATMENT 

Gentian violet treatment had been successful 
in eliminating the Sirongyloides infection, as proved 
at autopsy. Pulmonary, gastric, duodenal, ileal, 
jejunal and colonic tissue, as well as tissue from 
aU other organs routinely taken for postmortem 
examination, were studied microscopically, but 
no adult worms or larvae were found. At the 
time of death the patient had received 1.56 grams 
of gentian violet by mouth over a period of nine 
days and 0,1 gram intravenously. Larvae had 
disappeared from the stools by the seventh day of 
treatment, the day after the medication was 
given by vein. 

The course of treatment suggested by Craig and 
Fause (1943) consists of 0.06 gram of gentian 
violet medicinal in one and a half hour enteric- 
coated tablets t.i.d., one homr before meals until 
3.3 grams have been administered. 

PAraoxoGY 

Gross and microscopic lesions attributable to a 
recently extant Strofigyloides infection were not 
found at autopsy although the pathologic picture 
was somewhat obscured by the tuberculous lesions. 
But a marked tissue reaction to the presence of 
Sirongyloides adults or filariform lan^ae which are 
going through a hyperinfecting process is not 
necessarily to be expected, and the spontaneous 
destruction of the living worms by a minimal local 
tissue reaction is apparently a part of the pathol- 
ogy of the infection. Faust et al. (1934) in the 
pathological study of dogs infected with human 


strains of S- stercoralis and of rhesus monkeys 
infected vith a chimpanzee strain, describe the 
encapsulation of female worms indmdually, the 
cellular infiltration around the worms and their 
destruction and phagocytosis. Faust and de 
Groat (1940) found no cellular reaction other than 
localized eosinophilia about the adult worms in 
the intestinal wall of a 12 year old boy who died 
from an infection in the fourth week of illness. 

Paradoxically, the question arises as to the pos- 
sible connection between the large bowel tumor 
found at laparotomy nine years before the present 
patient’s death and the Sirongyloides infection 
which probably existed at that time. The tumor 
is described as large and veiy hard, and it involved 
the ascending colon and hepatic flexure. Micro- 
scopically it was found to consist of organizing 
connective tissue with many lymphocytes and 
fewer polymorphs. Examination of many sec- 
tions later cut from the biopsy specimen failed to 
reveal the presence of worms or evidence of tu- 
berculous pathology. At autopsy there was no 
residual evidence to be found of this tumor. 

Blacklock and Adler (1922) present findings to 
show that the presence of Sirorigyloides in the sub- 
mucosa of the gut may at times cause hypertrophy 
and tumor formation. At the autopsy of an in- 
fected chimpanzee, the jejunum from a point about 
12 inches below the pylorus for a distance of five 
inches was increased to three times its normal 
thickness throughout its whole circumference; at 
the commencement of this thickened area there 
was a three by three by one and a half cm. tumor 
projecting into the jejunal lumen. Microscopi- 
cally the tumor was found to be composed of a core 
of muscle surrounded by a layer of lymphoid tissue 
extending up to the muscularis mucosae; numerous 
adult Strofigyloides were found in the mucosa and 
lymphoid tissue adjacent to the muscular core. 

Price and Dikmans (1929) first reported epi- 
thelial tumors of the intestine resulting from 
Strofigyloides infection. They found^ multiple 
adenomata in the colon of a cat which were caused 
by an apparently new species of Strofigyloides. At 
autopsy numerous small drcumscribcd nodules 
were seen beneath the muscularis mucosae. ]Mi- 
croscopic study revealed irregular acini of colum- 
nar cells supported by delicate connective tissue 
stroma markedly infiltrated with lymphoid ce^. 
Adult and larval worms were found scattered 
through the nodules. No adult worms were found 
apart from the tumors. 
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SUMMARY 

- 1. A fatal case of human strong>doidiasis com- 
plicating disseminated tuberculosis is presented, 
with autopsy findings. 

2. The infection was acquired either in Poland 
or in Rochester, New York; if the former, the in- 
fection had maintained itself more than 30 years, 
through the mechanisms of autoinfection and/or 
h>q)erinfection. Further study is necessary to 
'determine the northern limit of the parasite’s 
natural range in this country. 

3. The elimination of larval and adult worms 
from the patient, as proved at autopsy, was ef- 
fected by 1.59 grams of gentian \dolet per os and 
0.1 gram by vein. 

4. The advisability of concentrating liquid stools 
in parasitological examination is emphasized. 

5. Slrongyloides pneumonitis and the possible 
role pla3^ed by migrating Slrongyloides laivae in 
the activation of inactive pulmonary tuberculosis 
are discussed. 

6. Slrongyloides stercoralis as an etiologic agent 
in the production of certain types of large bowel 
tumors is discussed. 
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All drawings were made with a camera lucida. 

Fig, 1. A trichomonas showing the spherical granular part with its thick outer layer of plasniagel and the clear 
elongated pseudopodium, a-d are different stages in the return to a free swimming trichomonas (e). Drawings 
made about ever>" 3 minutes. X 830, 

Figs. 2 and S, Photomicrographs showing the granular spherical part and the clear pscudo|X)dium, also the 
row of granules on either side of the axostyle. Figs. 2a and 3a are line drawings of the photomicrographs to em- 
phasize the position of the rows of granules. 

Fig. 4. A much elongated trichomonas. X 830, 

Fig. 5. The two parts of the trichomonas are connected with a thin thread of protoplasm, X 830. 

Fig, 6. Two stages in the degeneration of a much elongated trichomonas., X ^0* 



IIKHAVJOK 01' 1\ VA(;L\AMS IX S!:Ml^SO!.n> MEDIUM 


257 


present hut In’hu; very thin niid inactiv<s it was 
har^l Xk\ see. ‘Hn* four tiairella were always vEililc 
and were Uvually extendal, Ihouj^h at tlnus they 
were seen in a knot^ 5^<uuetinu'S they appeared 
shorter, as lhnu^:h contracted. >1**^1 of the time 
there was a vli^ht waving: of the fianella, folU>\vef! 
at inter\'aE by a rjuick hack^ward heat. I'ho 
nxo^ylc <Hti u«vi protnnle. 

'rhese very much el<uipUt<l trichomonad*- were 
tleireneratinjr fonus, Matjy of them wciv found 
dead 5n older ailtures. 'Eo y^r whether they could 
he revive^], KjnjrcrV solution was added li? the 
r<lj;rs of {!u: awcrylass preparation. lAanis were 
st«die<l which cillscr had recently shown acth ity, 
or whoy'c dlaawdla wrre still ^l^iduly active. 

Sfv\n as the Tvinrrer's ^oU^t^on was nddc*l tljc 
tlnyclb lu'^^n to move, at fir>t yenlly anti sl^vdy 
and tlnm Vvr>' stronyly and nuickly. 'I’he un- 
/lubtin:: tnemhmne Jn^yari to rif^jde and ;rnvluai!y 
the lonrt, neck dike ftructurt* hiTame sin ate r and 
thicker. T\v: inchom.onas stay<-<l Jt\ this flaee 
for «‘*vcnil minutes. 'Ehen wry fjuiekly the h'n::: 
pKudop**»iunn was <Ini\;n into the jpluTual part 
.and tlse trichnnion.is swam away a mnmal 
indivMual. 

Not all of these nntcIo#'hunrate<l hanw e<*uld l»e 
hnnrdu iKick to ttomtal. In imny <a the d**- 
^cnemlion luifl gone t»H» far (haw 5 and (*), We 
found that if the ruckdike strticturc c<add he 
revivf/i, tlien u'ually the spljeriad part v.tuild 
hecome active attain. ‘Ehe return to normal ao 
livity Seemed to hegin at the eiifl where the ll;t* 
gdla Were l‘>cated; the ^jdnrif-d part, e.xrejil for 
an <K:casional twisting movenu nl, remniinal inac* 
tive until the reorganisation of the trichomonas 
t«^>ok jdace. 

Death, !ik<! the ret uni to normal, was n progres- 
sive phenomenon, 'Hie tip of the pscudopodlum 
with its undulating nu’mhrnne ami flagella was 
(he Iasi part to move. \Vv. have watche<l this 
part separate from the |>ostcrior eml. lloth parts 
s<K>n became very gnmular and died while the 
cytoplasmic thread ct>nnecling them degenera te’< I 
into a roiv of granules which quickly flhappcared 
(fig.h). 

As a check to these experiments a drop of semi- 
solid agar made up witli Ringer’s solution was 
added to a drop of trichomonas in a liquid medium. 
TJiese were covered with a covcr.slip and sealed 
with salvoline. In 24 hours tlic same kind of 
elongated forms were present in (lie thicker me- 
dium. 

After observing these changes in form we 


nalunilly <cek an exjdanation for this phenome- 
mm and suggest the following one. If we assume 
that tile outer memhrnne of the trichomonas is a 
^cmi*permeahle membrane, then in the denser 
medium tlie trichomonas loses some of its fluifk 
Av it <loes thi<, the outer plasmagel over the hfMly 
i‘econn^ thicker and motv granular, Lewis (4) 
h;K shown that the contractile tension of proto- 
plasm varies with the viscosity and thicknt'ss f)f 
tin* grl layer. So here, ns tlie plasma gel becomes 
thicker and nuao vi>cid it exerts more tension and 
force, out the long pHudopodium in a place where, 
ns Lewis say.-, “the elastic strength is lowest.” 
I’hen :e; tlie gel layer on the fiseudopodluni in- 
creasts in thick.ness, it in turn exerts greater con- 
tractile tension and the pseudopodium is forced 
lock into the body. At this lime the churning of 
the pndoplasm in the body is <Iue to two facbws: 
b?) the nmvement <4 (he axoslyle in the proto- 
plasm as the anterior eml the p^taulopodium t<j 
which it is attached withdrawn, and {I*) the c<»n- 
M*quent n'<li'^tributi»m <»f llie cytf»p!nsmic granules 
by tliis inoveinenl. 

The imm<»bility of the spheriad [larl is no (hnihl 
due (o the greater thidmos and vi^^cosily of the 
plat. ina gel. The Irichnmonns in tiiis stale is 
coniparnble to Mast’s (5) monoptuini nnioehai*, 
wliich were attached (inly at the tip of the pos- 
((Tior end, so that hicomotion was prevented, 
(liMUgh there was still a change in shape of the free 
part. When the trichomonas clianged its jmsilion 
it was always by means of its flagella and undu- 
lating memhnme. The amoeboid motion was 
limited to the elongated pseudopodium. 

Usually T. ui^ifUiUs has been slurlicd in a liquid 
nu-dfum, where it is free swimming. However, 
nearly all worliers witli this form—from Donne 
(2) on- have noted its ahiiily to change its shape. 
Some observers have shown pseudopodia being 
sent out from various [larts of the bod}\ These 
pseinlopoflia, witli the (exception of those seen in 
the microdnemalograjihs of Pereira and de 
Aimehia (6), do not contain the anterior flagella 
and tlie undulating membrane and so differ from 
tlie ones described in this jiapcr. The long pseudo- 
podium with its flagella and undulating membrane 
found in the semi-solid medium and in tissue cul- 
tures is evidently formed in response to the changed 
environment. 

SUMMAUY 

1. In a scml-.solid medium T, vaginalis sent out 
a long, clear pscudopodium containing the 4 
anterior flagella and the undulating membrane. 
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2. This pseudopodium was in constant motion, 
though the trichomonas did not change its posi- 
tion. 

3. The pseudopodium was frequently withdrawn 
into the body. 

4. After 48 hours in the semi-solid medium a 
much longer pseudopodiura was often formed. 
This could not always be withdrawn and was 
considered a sign of degeneration. The addition 
of Ringer’s solution sometimes brought this form 
back to normal. 

5. The axostyle with its row of granules on 
either side was clearly visible in these forms. 

6. The density of the medium and the contrac- 
tile tension of the protoplasm were important fac- 
tors in the formation of these long pseudopodia. 
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IXTRODUCriON 

The amount of ascorbic acid required for ordi- 
nary maintenance of adult man is very imperfectly 
knoTO. Even the amount needed to prevent 
scurvy is a matter of dispute (cf. Fox and Danger- 
field, 1940). It is agreed, however, that the mini- 
mal requirement to prevent clinical scurvy may 
be far less than needed to allow maximal health 
and vigor. Recently claims, widely quoted in the 
popular press, have been made for special require- 
ments for ascorbic acid in high temperatures, par- 
ticularly in physical work. Further these claims 
suggest that large ascorbic acid intakes are of im- 
mediate benefit in exposures to high temperature 
of relatively short duration. Considerable pres- 
sure has developed to exploit these “benefits” by 
advertising appeals to individuals and to industries. 

This paper is a report on 3 scries of experimental 
studies on 44 normal young men under rigidly 
controlled conditions of diet, physical work and 
environment. The ascorbic acid intake was set at 
two levels: 20 to 40 mg. and 520 to 540 mg. Par- 
ticular attention was paid to: (a) cardiovascular 
functions, (h) performance of standard physical 
tasks, (c) psychomotor functions and (d) ascorbic 
acid in sweat, blood plasma and urine. 

PROCEDURE 

I'hrcc main scries of experiments were per- 
formed. All c,xpcrimcnts were carried out during 
the winter on health}^ “normaP^ young men who 
were continuously resident in a controlled tem- 

* 'riic work dcscribtxl in this paper was done in part 
under a contract recommended by the Committee on 
Medical Research, between the Ofucc of Scientific 
Research and Development and the University of 
Minnesota. Important financial assistance was also 
pn)vidc<l by the Nutrition Foundation, Inc,, by the 
Com Industries Research Foundation, by Swift and 
Company, Chicago, by the National Cine Sugar Rc- 
finenO .•Vswi.ation and by the National Confectioners’ 
.\s<^o<*i.ation. \Vc are grateful to Merck and Cornp.tm', 
Ine., for supplies of pure vitamins. 


perature suite for the period of the experiments. 
Standard clothing consisting of shorts, socks and 
shoes was worn in the work periods. 

In Series I a total of 26 U. S. Army soldiers of 
the 710th M.P, Bn, were studied for one day at a 
temperature of 78°F., relative humidit}^ 50 per 
cent of saturation, followed by days in a hot 
dry environment in which the temperature was 
112°F. in the mornings, 122®F, in the afternoons 
and 85® to 90®F, at night with the relative hu- 
midity kept constant at 25 to 30 per cent of satura- 
tion. These men prior to the experiments liad 
been engaged in light garrison duty and had all 
subsisted on standard U, S. Army Garrison Rations 
providing 60 to 90 mg. of ascorbic acid per day. 

In Scries I each half day's work consisted of 
walking on a motor driven treadmill at 3.25 miles 
per hour at a 7.5 per cent grade of climb for 6 
ten-minute periods alternating with ten-minute rest 
periods. This work required an ox>"gcn consump- 
tion of about 7 times the basal rate. Pulse rates 
were counted before and for the first 15 seconds 
after cadi work period. Crampton “blood ptosis” 
tests (1920) were made each morning before brcal:- 
fast and 20 minutes after the end of each morning’s 
work and each afternoon’s work. Rectal tempera- 
tures were taken after the tliird and sixth work 
periods each morning and afternoon. Body 
weights were recorded cadi moniing before break- 
fast and after emptying the Idaddcr. The sub- 
jects were weighed to rb7 grams, nude and dried, 
before and after the third work period each morn- 
ing and the sixth work period each afternoon for 
measurement of the rate of sweating. I Venty- 
four hour urine output and water intake were 
rocordcfi for each day. Electrocardiograms an»l 
met.ibolicrates were taken on some of the subjects. 
.\nivplu?-hand sweat was ciMlcctcd in shoulder 
length “neoprene” gauntlets during the second 
and third work perioeb cadi morning and aftcr- 
n<>on. Venous hloixl sample^ were t.akcn each 
inoniing. 

nuriug Serie< I the subject- a stni:4nrd 
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diet of 3000 Calories, normally balanced and ade- 
quate, according to current standards, in all vita- 
mins except C ^Yhic}l was moderately low — 20 to 
40 mg. dail}! Thirteen of the subjects were given 
an additional 500 mg. of ascorbic acid daily; the 
other 13 received placebos. Salt intake was con- 
trolled; half of the subjects in both the high and 
low ascorbic acid groups received 13 to 17 grams 
of sodium chloride daily while the other men re- 
ceived only 6 to 8 grams. 

In Series II 6 college students were studied on 2 
occasions 3 weeks apart. In these experiments 
the men worked on the treadmill for 6 ten-minute 
periods alternating with equal rest periods. The 
temperature was 117°F., relative humidit}^ 25 to 
30 per cent of saturation. The rate of work was 
the same as in Series I. 

The subjects in Series II ate a normal diet of 
their own choice except that citrus fruits, tomatoes 
and other rich sources of vitamin C were excluded 
for a week before each experimental routine. For 
3 da 3 ^s before the first work routine 3 of the sub- 
jects were given an additional 500 mg. of ascorbic 
acid daily while the other 3 subjects received 
placebos. For the second work routine the order 
was reversed so that each subject acted as his own 
control. 

The experiments in Series III were precisely 
like Series I except that the ph 3 ^siological variables 
were only measured occasionall 3 % attention being 
centered on ps 3 xhometric measurements. Twelve 
subjects were studied in 3 experiments each 
lasting 4§ days as in Series I. Six of these sub- 
jects received a total of about 40 mg. of ascorbic 
acid daity while the other 6 men received about 
540 mg. Again half of each group was on a low 
salt intake while the other men received a total of 
15 to IS grams of salt daity, 

METHODS—ASCORBIC ACID 

The ascorbic acid content of urine, sweat and 
blood plasma was estimated b 3 " a modification of 
the method of IMindlin and Butler (1938). Efforts 
were made to ensure that ascorbic acid destruction 
in these fluids was avoided, 

xrETHOi>s~-PSYcnoirETrvic and strength 

MEASUREMENTS 

Psychometric and strength data were obtained 
in Series III immediately before and after each 
day’s routine on the treadmill Strength of grip 


and of back lift were measured with standard 
d 3 mamometers. 

Flicker fusion frequency (F.F.F.) was measured 
. as a possible indication of central fatigue (cf., 
Simonson and Enzer, 1941). Manual speed and 
coordination was tested for 60 seconds with the 
ball and pipe test (Brozek, 1944). Rate of tapping 
was measured with an electrical counter which 
recorded the number of contacts between a st 3 dus 
and 2 metal plates, separated by 1,7 cm,, which 
were alternately tapped for 30 seconds. Grip 
strength and F.F.F. were measured 3 times in eadi 
test; the other measurements were carried out 
twice in each test. In order to minimize practice 
effects training trials were given to eacli subject on 
each of the 3 da 3 -^s prior to the start of the experi- 
mental period proper. The statistical significance 
of differences between means of both ph 3 ^siological 
and ps 3 xhometric variables was evaluated by 
the use of the t-value (Goulden, 1939). 

physiological results 

It is not feasible to present the voluminous de- 
tailed data. The grand averages for the ph 3 'sio- 
logical variables measured in Series I and II arc 
given in tables 1 and 2. 

Fidsc rates. In both Series I and II average 
work pulse rates were clo3el3' similar at all times 
in the groups on low and on high ascorbic add 
intake. Such small differences as appeared in 
several testing sessions are statistically not signifi- 
cant. In order to economize space standard de- 
viations are given in the tables onl 3 ' for representa- 
tive sessions but these are typical of all other 
sessions. The highest individual rates recorded 
for the first 15 seconds following work were 196 
per minute in the low C groups and 204 in tlie high 
C groups. 

It Will be noted (table 1) that with continued 
stay in the heat the average work pulse rates in 
both groups were approaching the rates in the 
(cool) control b 3 ’^ noon of the fourth da 3 " in tlic 
heat. This is the result of acclimatization to the 
heat and not simple muscular training because the 
amount of work done was loo small to produce a 
pure training effect of this magnitude within the 
experimental period. The details of tlic effects of 
heat on cardiovascular functions are reported else- 
where (Taylor, Henschel and Ke 3 's, 1943). It 
will also be noted that, in an 3 ' given half day in 
the heat, the pulse rate rose progressively from 
work period to work period (cf. table 2). In 
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Series 11 this rise was slightly less in the men on 
low C than when they were on high C but the 
difference is of dubious significance, 

Rcclal temperatures. Intense hj^Derthermia was 
not produced in any of the subjects in these series. 
The rectal temperatures averaged 2 to 3°F, 


recorded was 103.4°F in a man in the high C 
group in Series I. 

Crampion tests. For the present work it was 
necessary to modify the original Crampton scoring 
scheme because the vasomotor stabilit}" is some- 
times very adversely affected in the heat. A 


TABLE 1 

Grand averages for the 26 subjects in Series I 

In each experiment Monday was the (cool) control day, the high temperature being started at 8:00 a.m. 
Tuesday and continuing through Friday noon, “Low C” refers to the men receiving only 20 to 40 mg. of ascorbic 
acid daily; “High C” refers to the men who received an additional 500 mg, daily. Standard deviations of the 
means are given for Tuesday afternoons and Friday mornings as representative illustrations. 



MON. 

TUES. 

WED. 

1 TUURS. 

rw. 


P.JI. 

A.M. 

P3I. 

tr =3 

AM. 

P.M. 

A.M, 

VM. 

A.M. <r «* 

Pulse rate: 

High C 

133 

154 

163 

dbl3 

154 

159 

151 

154 

140 ±16 

142 ±17 

Low C. 

132 

158 

169 

=bl8 

157 

161 

150 

154 

Rectal temp., ®F.: 

High C 

100.5 

100.7 

101.1 

d=0.59 

100.8 

100.9 

100.9 

101.2 

100,5 ±0.45 

Low C 

100.4 

100.9 

101.5 

±0.70 

101.1 

101.6 

101.2 

101.6 

100.6 -*-0.45 

Crampton Score: 

High C 

57 

63 

36 

±17 

55 

50 

51 

50 

58 ±20 

Low C 

59 

70 

42 

±19 

61 

52 

52 

52 

63 ±18 

Rate of sweating, gms./ 
min.: 

High C 

13.7 

13.7 

±2.4 

13.9 

12.9 

14:5 

12.6 

Low C 


15.4 

13,5 

±4.1 

13.2 

' 13.2 

13.3 

13.8 


24 hr, water drunk (liters) : 
High C 


5.40 

±1.19 

5.95 

i 

6.09 


Low C 



5.02 

±1.16 


5.95 


5.88 


24 hr. urine (liters) : 

High C 



0.599 

±0.246 


0.772 


0.688 

0.504 


Low C 



0.525 

±0.112 


0.571 



24 hr. sweat* (liters) : 

High C 



6.289 






Low C 



6.301 




1 

i 









I 




* Average sweat = (water drunk + water in food 4- water of metabolism) — (urine output 4- water in expired 
air 4- water in fcccs) weight change calculated for the 3 days in the heat and divided by 3 for average daily 
sweating. 


higher in work in the heat than in rest in the (cool) 
control but the average difference as compared to 
xvork in tlic cool was only 1.2®F. (table 1). There 
is a slight advantage on the second day in tlic 
high C group in Scries I but this is reversed in 
Series 11. The highest individual temperature 


“high” score indicates better adjustment of the 
vasomotor system. In the cool the average of 
normal young men is a score of 55 to 60. In 
general the men on high C tended to have {x>orcr 
Crampton scores than tlic men on low C and this 
was apparent at all times in both Scries I and Se- 
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lies II. However this difference is of doubtful 
significance in view of the large individual range. 
For example, in Series I individual Crampton 
scores ranged from 10 to 100 for the low C group 
and from S to 95 for the high C group. 

Rate of swcatmg. Individual rates of sweating 
in Series I varied from 7.7 to 32.1 grams per 
minute or 462 to 1926 cc. per hour with a general 
average of about 800 cc, per hour. Both the rate 
of sweating in work and th^ daily (24 hour) sweat 
volume were substantially indentical in the low C 
and the high C groups. It is interesting that there 
was little or no progressive change in rate of sweat- - 
ing in cither group during the period when sub- 
stantial acclimatization to the heat was being 
achieved. 


high C group. At the same time the low C group 
excreted only from 4.3 to 9.9 mg., with an average 
of 7.6 mg. The plasma ascorbic acid in the high 
C group varied from 0.43 to 1,48 mg. per 100 cc., 
until an average of 1 .21 mg. At the same time the 
low C group ranged from 0.22 to 1,23 mg. of as- 
corbic acid per 100 cc. of plasma with an average 
of 0.65 mg. 

Water intake and balance. Dail}^ water intakes 
ranged from 3.05 to 8.55 liters. The average 
water intakes for the low and the high C groups 
howev^er did not differ hy more than 400 cc. on 
any one day in the heat. The high \dtamm C 
group drank an average of 143 cc. more water 
per day and excreted an average of 153 cc. more 
urine. Neither group drank sufficient water to 


TABLE 2 

Grand averages for Series II 


Six subjects who were their own controls on high and low vitamin C intakes worked in the heat at 120®F. for 
3 hours, with three weeks between the exposures. 


Work period. (10 xnin.) 

1 <r « 

2 

3 

4 

5 

6 <r a* 

Work pulse rate, beats per minute 







On high C 

154 dbX2 

161 i 

160 : 

166 

170 

174 ±17 

On Low C 

159 ±15 

161 

163 

163 

16S 

171 ±16 

Rectal temperatures, ®F. 



1 

1 


1 


On HighC 

100.0 :i:0.52 

100.3 

' 100.9 

101.3 

101.4 

1 101.6 ±0.94 

On Low C 

99.9 ±0.93 

100.5 

100.8 

! 100.8 

101.1 

101.1 ±0.95 



Noon 

Crampton score 







On high C 

57. S iS.6 



44.2 

±3.1 

On Low C 

61.6 ±4.4 



50.8 

±6.4 


Ascorbic acid in sweaty mine and plasma. The 
concentration of ascorbic acid in the sweat was 
generally less than 0.1 mg. per 100 cc., the average 
being 0.059, <r - :i:0.047 in the men receiving 
520-^540 mg. daily, and 0.060, cr — =i:0,056 in 
the men on low C intake. Somewhat lower values 
were obtained when the greatest efforts were made 
to prevent vitamin C loss and to exclude non- 
ascorbic acid reducing substances. The details 
of these studies are reported elsewhere {Mickelsen 
Kc}^, 1943). 

Urine and blood plasma ascorbic add concen- 
trations reflected the vitamin C intakes as ex- 
pected. On the last day in the heat the excretion 
of ascorbic add in the 24-hour urine ranged from 
161 to 513 mg., with an average of 222 mg. in the 


maintain complete water balance, but the av^erage 
dail}’’ w^eight loss was almost exacti}" identical in 
the 2 groups — 465 and —467 gms. in the high and 
low C groups respectivel 5 % This loss in body 
weight was accompanied by a slight increase in 
hemoglobin concentration amounting to an av^erage 
of 0.2 gtn. per 100 cc, of blood in botli groups, 

Ri:SUI.TS-*~STRENGTH TESTS 

The grip strength and back lift tests in Series III 
showed no important difference between the men 
on low C as contrasted with those on high C, which 
might be referred to the level of vdtamin C intake. 
It happened that the men on the low ascorbic add 
intake were initially slightly stronger, or more 
capable of exerting their strength, than those in 
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in the high C group, and there was a tendency 
for this advantage to be reduced in successive 
days in the heat.* However, this apparent dif- 
ference in response was small and not statistically 
significant. For example, the average back lifts 
were initially 271 and 290 lbs. in the high and low 
\dtamin C groups, respectively; after 3 days in the 
heat and the averages were 286 and 292. 

RESULTS — PSYCHOMETRIC MEASUREMENTS 

No statistically significant difference between the 
high C and the low C groups was found for any 
period in the tests of rate of tapping either in the 
first 10 seconds or in the last 10 seconds, nor were 
there any progressive trends. The same was true 
of the manual speed (pipe) tests, though in the 
latter case both groups tended to show a slight 
training improvement. 


less (1938) demonstrated a more rapid depletion 
of body stores of ascorbic acid in heated guinea 
pigs than the controls where both groups of ani- 
mals were maintained on a scorbutic diet. The 
same authors showed that urinary excretion of 
the vitamin is diminished in humans by treatment 
in a fever cabinet. Daun, Boyd and Paul (1939) 
reported a decrease in both urinary and plasma 
ascorbic acid in man in a fever cabinet, Falke 
(1939) claimed that artificial fever increases the 
vitamin C requirement by 100 mg. per day. 
However, Osborne and Farmer (1942) could find 
no reduction in plasma C in patients undergoing 
fever therapy and emphasized the questionable 
nature of urinary excretion as an indicator of 
bodily requirements. 

Elsewhere (Mickelsen and Keys, 1943) we have 
reported that sweat contains at most only insig- 


TABLE 3 


Flicker fusion frequency values, in flickers per second, in Series 111 for the men receiving a total of 20-40 mg. ascorbic 
acid daily (Low C), and those receiving 520-540 mg. (High C) 

The t-value for the 5% level of significance is 2.23 


STATlSnCAL VALUE 

DAYS IN THE HEAT 

I 

11 

III 

A.M. 

P.M. 

A.M. 

P.M. 

A.K. 

P.M. 







Mean, High C 

48.7 

48.8 

49.1 

50.3 

49.8 

50.3 

Mean, Low C 

49.3 

49.6 

49.3 

48.8 

47.6 

48.0 

Absolute difference 

+0.6 




-2.2 

-2.3 

Stand, dev. of diff 

dbl.48 

±1.55 

I ±1.53 

±1.68 ! 

±1.42 

±1.52 

t-value i 

0.405 



■■ 

1.55 

1.51 


The flicker fusion (F.F.F.) test results are given 
in table 3, together with the results of statistical 
analysis. There was a slight but consistent tend- 
ency for F.F.F. to improve in the men on the high 
C intake during successive days in the heat and 
an equally slight but consistent tendency for the 
men on the low vitamin C intake to deteriorate. 

DISCUSSION 

The idea of an increased need for ascorbic acid 
in heat probably originated from observations on 
blood and urinary levels of the vitamin in hyper- 
pyrexia and on the concentration of the vitamin in 
the sweat. Abbasy, Hill and Harris (1936), re- 
porting decreased blood and urinary ascorbic add 
in hyperpyrexia of infective origin, suggested that 
an increased demand for or destruction of vitamin 
C exists under this condition. Zook and Sharp- 


nificant amounts of ascorbic acid. As a matter of 
fact, with the exception of Combleet, Klein and 
Pace (1936) and Bernstein (1937), other investi- 
gators have reported only small amounts of as- 
corbic acid in sweat (Zselyonka, and Manassy- 
M6gay, 1937; Wright and MacLenathen, 1939; 
Hardt and Still, 1941) or none at all (Tennent and 
Silber, 1943). 

The direct claim that a high intake of ascorbic 
acid reduces heat disability has been given much 
attention (cf. Anonymous, 1942; Holmes, 1942) 
but it appears to be supported chiefly by trials 
made by one industrial organization. Field stud- 
ies on negro laborers in hot climates by Fox 
(1942) failed to indicate any special need for an 
elevated intake of vitamin C but detailed ob- 
servations were not made. 

In the industrial trials referred to above the 
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workers were exposed to various concentrations 4. Ps 3 ^choniotor tests and strength tests like- 


of toxic chemicals as well as to heat. It is pos- 
sible that the high vitamin C intakes ma}’- have a 
beneficial effect on the cardiovascular system (as 
expressed by the Crampton test) under those 
conditions which would not strictly be an effect 
on the cardiovascular adjustments to high en- 
vironmental temperatures. In factjvan analysis 
of the data on the preiiminar}’' trials that have been 
made available to us through the kindness of Dr. 
J. H. Foulger of the Haskell Laboratories of In- 
dustrial Toxicology, Wilmington, Delaware, are 
suggestive of such a possibility. 

Heat exhaustion characterized b}'' nausea, vomit- 
ing, dizziness,. weakness, a rapid feeble pulse, and 
inability to continue work occurred in 6 of the 13 
subjects on low chloride intake in Series I. Three 
of the cases were in men in the high C intake and 
three were in the low C intake. The high C in- 
take did not protect against heat exhaustion. 
Five of tlie six heat collapse cases in our studies 
recovered sufficient^ within 24 hours to continue 
work udthout any treatment except rest even 
though exposed to the high temperatures during 
recovery. 

The present studies clearly show that there is 
no significant beneficial effect of high ascorbic 
acid intake on ability to work in the heat mthin 
the duration of our experiments. Our results do 
not prove that a high ascorbic acid intake may not 
be beneficial in a ver>^ prolonged stay in the heat. 
However, there is no acceptable e\ddence for such 
a long-time effect. 

SUMMARY 

1. The performance of muscular work in dry 
heat — up to 122°F. — was studied in 44 normal 
^''oung men under rigidly controlled environmen- 
tal, dietary and work conditions. The stay in 
the heat varied from 3 hours to 4 days, 

2. Comparisons were made between perform- 
ances on a diet restricted in ascorbic add intake 
and a diet supplemented by 500 mg. ascorbic 
add daily. The dietary’* differences were main- 
tained for periods of 4 to 7 days. 

3. Pulse rates in rest and in work, rectal tem- 
peratures, vasomotor stability tests, rates of 
sweating, general obsen’^ations and subjective 
reports all failed to demonstrate any significant 
advantage for the men receiving supplements of 
ascorbic acid. 


vdse generall}^ failed to show any advantage in 
the ascorbic acid supplementation. There ap- 
parently was a slight gain in flicker fusion fre- 
quency related to the extra intake of vitamin C. 

5. Daily sweat losses were of the order of 5 to 
8 liters but the total loss of vitamin C in the sweat 
is entirel}'' negligible. 1 

6, Heat exhaustion occurred vitli equal fre- 
quenc 3 ’' in the vitamin C restricted and supple- 
■men ted groups* 
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In a period of a little more than fifty years, an 
excellent medical service for the care of the Afri- 
can native has been developed in the Belgian 
Congo. This ser\dce is of particular interest 
because of the manner in \\"hich it has dealt with 
the unusual problems of medical care of a semi- 
civilized people in the heart of the tropics. It is a 
government operated service with primary em- 
phasis on public health work and is staffed in part 
with trained native medical personnel in all de- 
partments. 

There is, in the Congo, a very high incidence of 
infectious and parasitic diseases, both the typic- 
ally tropical diseases and those found in the tem- 
perate zones as well. These diseases are so com- 
mon and the mortality from them is so great that 
degenerative disorders are comparatively insig- 
nificant in number. No figures on life expectancy 
of the natives can be gathered, as most of them do 
not know their own ages, but it is certainly much 
less than that of white races. A large proportion 
of the illnesses fall in the category of intestinal 
diseases, the spread of which is favored by poor 
sanitary conditions and the insect-bome diseases, 
the vectors of which are very numerous. The 
eradication of these communicable diseases has 
been the foremost aim of the medical service and 
more emphasis has been placed on preventive medi- 
cine than on the care of the sick individual. 

Inasmuch as the natives are able to pay little 
or nothing for medical care, it is essential for the 
government to supply medical service for them. 
A system of government administered medical 
care has been developed, supplemented by the 
medical services of the large commercial organiza- 
tions and by the foreign missions which also operate 
hospitals and dispensaries. There are a few pri- 
vate practitioners in the Congo but the number of 
white people, even in the larger cities, is not great 

^We are indebted to Colonel Luden Van Hoof, 
Mededn en Chef du Congo Beige, and members of Ms 
staff for the statistical data wMch is quoted in tMs 
paper and for the opportunity of observing a number of 
hospitals, clinics and laboratories in the colony. 

® Major, Medical Corps, United States Army. 

® Major, Medical Corps, United States Army. 


enough to attract private physicians from Europe. 
Medicine as it exists in the Congo today is a modi- 
fied form of state medicine, administered and paid 
for by the government. 

The number of doctors and white nurses in the 
colony has always been very small in relation to 
the size of the population. When one considers 
that the natives live for the most part in small 
villages scattered sparsely over a wild country it 
is apparent that the difficulties of making medical 
care available throughout the colony are very 
great. In order to increase the number of medi- 
cal personnel, the government and also the foreign 
■missions have undertaken to train natives as medi- 
cal assistants and nurses. These native auxil- 
iaries become very proficient in such duties as 
bedside nursing, obstetrical deliveries, routine 
laboratory procedures and the administration of 
parenteral medications under the direction of 
European doctors and nurses. The native medi- 
cal personnel are educated in schools known as 
the “medical schools of inferior degree.*^ 

organization of medical services 

The government medical service is similar in 
organization to that of an army. Authority is 
vested in the medical director of the colony, the 
mededn en chef. The latter is in turn responsible 
to the governor-general of the colony, to whom he 
suggests changes in personnel, submits the pro- 
vincial budgets for the cost of medical care and 
reports on the state of sanitation in the colony. 
During peace times, the medecin en chef is also in 
charge of the medical department of the colonial 
army. The service has three branches, the prac- 
tice of medicine, the public health service and the 
research department and its physicians are as- 
signed to one of these three departments. Each 
of the six provinces of the colony has a medical 
director responsible to the medecin en chef. With 
this system of centralized control an optimum dis- 
tribution of available physicians throughout the 
colony is possible. Country-wide surveys of dis- 
ease distribution and various programs for the 
control and treatment of communicable diseases 
can be effectively coordinated. 
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. In the year 1940, there were 201 physicians 
working for the state. In addition, there were 188 
public health officers, the ‘^gardes sanitaires” many 
of whom in addition to their other functions carr}’^ 
out routine physical examinations and prescribe 
treatments for the natives under the direction of 
physicians. The medical staff is extreme^ small 
to supply the needs of a population estimated at 
10 millions. 

The government hospitals are staffed by physi- 
cians, nurses with administrative or nursing train- 
ing and native medical auxiliaries. For example, 
the largest hospital in Leopoldville, the capital of 
the Belgian Congo is an institution with approx- 
imately 250 beds. On the medical service of 
over 100 beds, there is one physician who because 
of his additional duties is able to devote onty a 
few hours of the day to the hospital. Much re- 
sponsibility therefore falls upon the nuns who are 
in charge of the wards. The nuns are experienced 
in eliciting histories, recognizing gross physical 
signs and become familiar vath the clinical pic- 
tures of most of the prevalent diseases. When 
necessary they prescribe standard treatments 
pending the daily rounds of the phj’sician. 

Similarly in the dispensaries, the burden of the 
work is carried by the nuns with the aid of native 
nurses. One of the clinics in Leopoldville, as an 
example, takes care of an average of 200 patients 
each 'morning. The patients are all seen by a 
sister who elicits the histor\% briefly examines the 
patient and prescribes standard treatments which 
are usually administered by one of the five native 
nurses who assist her. Among the commoner 
diseases seen in such a dispensar}’- are malaria, 
particularly in babies, minor surgical conditions, 
tropical ulcers of the leg, diarrheal diseases and 
infestations with parasites such as hookworm and 
ascaris. 

The foreign missions' also do a considerable share 
of the medical work in the Congo. Distributed 
throughout the colony are a large number of hos- 
pitals and dispensaries belonging to the various 
Protestant denominations. Their method of 
operation is essentially similar to that of the gov- 
ernment installations. Native assistants and 
nativ^e nurses are extensively employed to assist 
the missionary doctors and nurses. 

Most of the large industrial, transportation and 
trading companies supply medical care to their 
own employees, both white and native. Doctors 
are employed on a contract basis and full medical 


care is furnished for all illnesses of employees and 
their dependents. The physicians make home 
calls on the white employees when necessar^^ and 
give them the same ser\dce they would expect from 
a private practitioner. The doctors employed by 
the larger companies are among the outstanding 
medical men of the community, so there is little 
inclination even among the highest paid European 
employees to seek private medical care. Con- 
tract physicians and also the government doctors 
are permitted nevertheless to care for private pa- 
tients and to receive remuneration for their ser\’- 
ices. In 1940, there were 81 doctors in the Congo 
working for private companies. 

MEDICAL EDUCATION OF NATIVES 

The medical schools of inferior degree which 
are operated by the government for the education 
of native medical assistants and male nurses arc 
in effect nursing schools. The curriculum in- 
cludes all of the subjects which are taught in Euro- 
pean medical schools although in less detail, and 
the teaching is done by doctors, public health 
officers and nurses who are assigned to the various 
medical installations in the surrounding area. In- 
struction is largely didactic and consists of lec- 
tures, demonstrations and laboratory exercises in 
premedical subjects, the basic medical sciences 
and the clinical branches of medicine. The didac- 
tic courses are given over a three year period for 
the medical assistants and a two 3 ^ear period for 
the nurses. This is followed by two 3 ^ears of 
practical experience in hospitals, dispensaries and 
laboratories. At the end of this time a difficult 
final examination must be passed. The students 
acquire a general knowledge of medicine as well as 
proficienc 3 ’' in nursing procedures, laboratoo^ di- 
agnosis and minor surgical techniques and arc 
prepared to work as nurses, technicians or medical 
assistants under supervision. The medical assist- 
ants are permitted to assume more responsibiht3' 
than the nurses because of their wider training. 

The cost of medical education is borne cntircl3' 
b 3 ’’ the government w’hich also pays for the living 
expenses of the students. Students arc subject to 
rigid military discipline and infractions of rules 
are punished by fine or expulsion. 

The foreign missions also operate medical schools 
for the training of native auxiliaries. The course 
of instruction is similar in all respects to that 
offered b 3 ’’ the government schools. 

There are several other types of native medical 
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auxiliary who receive their instruction in the vari- 
ous hospitals, dispensaries and laboratories. 
These indude the obstetrical aides who are trained 
In mid\^d^ery, the nurses aides and the native 
"gardes sanitaires” who assist the European public 
health officers. The period of instruction for 
these auxiliaries is shorter than that for the 
nurses and emphasis is placed primarily on prac- 
tical work in the particular field of specialization. 

PUBLIC HEALTH WORK IN THE CONGO 

Malaria is probablj’’ responsible for more mor- 
bidity than any other disease in the Belgian Congo. 
Careful studies have shown infection with ma- 
larial parasites to be almost universal among 
the natives. One such study carried out in an 
area east of Leopoldville showed a 98 per cent 
plasmodial index among native babies with a 
gametocyte index of 8 to 15 per cent. The splenic 
index in the children in this region was 47 per cent. 
Forty-five per cent of the natives of all ages were 
found to have parasites in the blood at the time 
of examination. Observations such as these in- 
dicate that practically all individuals have had 
malaria and are subject to reinfections. Similar 
conditions prevail throughout tlie Congo except 
in the areas of high altitude in the eastern portion. 

There are no reliable figures on the incidence of 
clinical malaria in the natives but all cases of fever 
mthout other apparent cause are considered ma- 
laria and treated with quinine usually without 
examination of the blood-being undertaken. Of 22 
Europeans dying in the Belgian Congo m 1940 of 
tropical diseases, 20 succumbed to malaria and its 
complications. 

Throughout the lower part of the Congo, mos- 
quitoes of many species are exceedingly common. 
Several of these act as vectors of malaria but the 
most important is Anopheles gamhiae. Because 
of the type of terrain with many rivers and swamps, 
eradication throughout the colony as a whole is 
impossible. Jn the larger European towns, care- 
ful surveys of the prevalence of the various types 
of mosquito and of the incidence of malarial in- 
fection in the susceptible species are carried out 
constantly, and much has been accomplished by 
eradication of breeding places, oiling of water 
and other control measures. The segregation of 
the natives in villages removed from the European 
residential sections also helps to lessen the expo- 
sure of the white population to infected mos- 
quitoes. 


Even in such a town as Leopoldville, however, 
chemical suppressive treatment is required to con- 
trol the incidence of clinical malaria and' in the 
remote portions of the colony where mosquito 
control is not feasible, the control of the disease 
must depend for the most part on suppressive 
therapy. Quininization is recommended for all 
children up to the age of 5 or 6 years. , After that 
age, the importance of administering quinine de- 
pends on the incidence of. the disease in a given 
area. The difficulties of such a program, the 
amount of quinine, the personnel needed and the 
problem of educating the natives are apparent. 
The need for a supply of quinine is apparently 
being met by the development of cinchona planta- 
tions whicli are reported to be sufficient to supply 
the current needs in the Congo.- Studies are being 
carried out on the use. of totaquina, a cruder prep- 
aration of cinchona alkaloids which is more easily 
prepared from the bark than pure quinine. 

Yellow fever is well - controlled in the Congo, 
although the insect vector, Aedes egypii is. common; 
No cases of this disease were .reported: between 
' 1937 to 1940 and only occasional cases since. 5 All 
suspected cases that die are examined by. autopsy 
and the liver is studied for evidence of the disease> 
but most of them are shown to have malaria with 
jaundice. Surveys of the population with serum 
protection- tests nevertheless; show evidence of 
antibodies in many individuals, suggesting ' that 
they have had latent or subclinical infections. 
The conflict of such tests with- clinical .observa- 
tions has not been adequately explained. 

Yellow fever exists in adjacent French Equa- 
torial Africa and the Anglo-Egyptian Sudan, and 
within the past 30 years there have been outbreaks 
in the Belgian Congo. Definite laws have been 
passed detailing the management of communities 
where any epidemic contagious disease threatens. 
The district commissioner, acting on medical ad- 
vice is required to take all necessary steps to pre- 
vent the spread of the disease. All individuals 
who are sick from any cause must report the fact 
to the authorities or to their physicians and no 
one is permitted to leave the area during an epi- 
demic. During yellow fever epidemics, suspected 
cases and contacts are isolated, travellers in. the 
area are detained for six days, loitering in public 
places after dark is prohibited .and the huts be- 
longing to patients with yellow fever are burned 
down. • ’ - ■ 

Despite the successful control of yellow fever, 
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an extensive program: of vaccination against the 
disease is being carried- out, especially among the 
European residents and ^the members of the colo- 
nial a,vmy. 

An important part of the public health program 
is that devoted to the control of African sleeping 
sickness. Since this is an insect-bome disease, an 
attempt is made to eradicate the breeding places 
of the vector, the tsetse fly, in the populated areas. 
This is accomplished by clearing brush from the 
banks of rivers and lakes in the vicinity of \nllages 
and plantations. Such measures have proven 
effective in the \dcinity of the larger cities, but 
the size and nature of the country makes it im- 
possible to aeWeve this throughout the colony. 
In some cases, native villages in highly infested 
areas have been moved completely to more favor- 
able locations, and regulations have been set do\\Ti 
against fislung in waters where tsetse flies are 
knovTi to be abundant. 

The main reliance in the program of control, 
however, is on early diagnosis of human cases and 
treatment with Tryparsamide or Bayer 205, which 
renders • them non-infective. The onset of the 
disease is so insidious, that tlie only practical way 
of detecting the early cases is by routine physical 
examinations. Therefore, the government health 
ser\nce attempts to examine all natives once a 
year with the assistance of the missionary societies 
and the Foreami (Fonds Reine Elizabeth pour 
Fassistance medicate aux indigenes du Congo 
Beige), an organization which devotes the major 
portion of its endowment to the control of sleeping 
sickness. As a further check to prevent the spread 
of the disease from highly endemic to relatively 
free areas, all natives who travel from one district 
to another are required to obtain a medical pass- 
port certif jmg that they are free of infectious dis- 
eases including trj’panosomiasis. While it is 
impossible in such a large and undeveloped countrj’’ 
to reach all tlie natives, the number seen on the 
surveys is surprisingly large and the results sho\v a 
satisfactory decrease in the incidence of tr>T)ano- 
somiSLSis from year to year. In 1927, 1,700,000 
natives w'ere examined and more than five per 
cent found to be infected. In 1940, almost 
5,000,000 were examined and less than one per 
cent were infected. Hovs’cver, if the control pro- 
gram is neglected in any one area for several years, 
the disease -rate rapidly rises to former levels. 

Yaws constitutes a major public health problem, 
numerically much more important than s>’philis. 


Yaw^s occurs chiefly in the rural districts and is 
extremely common in some areas. The Fonds 
social de Divu, a privately endow^ed organization, 
devotes its resources to the control of the disease 
in the eastern part of the colony. All persons with 
skin lesions suggestive of yaws are required by law 
to report for treatment. During 1930, there were 
316,000 cases knowai to be under treatment; by 
1940 the number had fallen to 226,000. 

Strict la^Ys are set dowm for the control of ve- 
nereal disease among the Congo natives, and a 
number of special clinics for the treatment of these 
diseases are conducted b}^ the Red Cross. There 
is compulsory registration of all ^'fllles publiques,” 
their activities are regulated by law, and they are 
required to carry a samtarj” record showing the 
results of periodic medical inspections. Further- 
more, all natives entering the cities from rural 
districts and all immigrants arri\ing from the 
adjacent French and Portuguese colonies are re- 
quired to have blood Wasserman tests. Blood 
tests are also done on all w^omen treated in pre- 
natal clinics. It is recognized tliat positive reac- 
tions may be due to preexisting yaw's as w'ell as 
s>q)hilis, but in all doubtful cases treatment for 
syphilis is instituted. ^Vhen the diagnosis of 
syphilis has been made, treatment is compulsory, 
and failure to report to the clinic results in arrest 
by the police and suitable punishment. The 
treatment is carried out chiefly with neoarsphena- 
mine and bismuth. Statistically it appears that 
s>q)hilis is being held in check. In 1930, there 
w’ere 10,697 cases reported, with 100 deaths at- 
tributed to the disease; in 1940, the number of re- 
ported cases vras 12,169 with 142 deaths. The 
reported incidence of gonorrhea in 1930 w'as 16,240 
cases; by 1940, the number had increased to 
26,781. The habits of the African native permit 
such freedom of extramarital intercourse that the 
control of venereal disease is a difficult problem. 

Another common and serious disease in the 
Congo is leprosy. There w’erc in 1940, over 68,000 
cases of leprosy under treatment. The lepers are 
either kept in confinement in leprosaria or under 
close supervision w’hile the children of lepers arc 
removed from their parents and cared for by the 
state. The Red Cross has also established numer- 
ous leprosaria and grows its own chaulmoogra. 
The cases of leprosy are commonly discovered in 
the course of the sunxys of the population for 
sleeping sickness. 

Tuberculosis has not been spreading in the 
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Congo as rapidly as it has in some other parts of 
Africa. In order to prevent the introduction of 
tuberculosis into the colony, a law was passed in 
1921 requiring every newcomer to present a medi- 
cal certificate stating that he was free from this 
disease. Inhabitants of the colony who have 
inactive tuberculosis are required to undergo a 
medical examination every six months. Since the 
outbreak of the present war, it has not been pos- 
sible to send Belgians who develop tuberculosis 
back to the mother country, as has been the former 
practice, and the hazard of spreading the disease 
has been increased. The natives who report to 
the dispensaries with symptoms of tuberculosis 
are usually found to be in a far advanced stage 
of the disease. Reluctance on the part of the 
natives to seek medical care for fear that they will 
be removed from their tribes and hospitalized, to- 
gether with the difficulties of early diagnosis with- 
out extensive use of X-rays are factors which 
account for an increase in the incidence of the dis- 
ease. In 1940, there were 877 new cases reported 
with 452 deaths. Ten years earlier there had been 
652 new cases with 261 deaths from tuberculosis. 

Small-pox is a serious problem, despite efforts 
to vaccinate as many of the natives as possible. 
Since 1894, vaccination of all colored workers has 
been required by law. In 1940, for example, 
847,647 natives received initial small-pox vaccina- 
tions, while 738,118 were revaccinated. A num- 
ber of difficulties are encountered in the vaccina- 
tion of natives. The small-pox vaccine is difficult 
to preserve in the heat of the tropics. The natives 
often attempt to neutralize the vaccine by espo- 
sure to the sun, or by the application of pieces of 
citrus fruits, or by mechanical means. Further- 
more, the Jenner vaccine apparently does not pro- 


duce satisfactory protection against alastrim, 
which appears to be a modified milder form of 
small-pox. Despite the • vaccination program, 
there are usually 40 to 50 cases of small-pox in the 
hospital for contagious diseases at Leopoldville, 
and the disease sometimes assumes an epidemic 
form in outlying districts where there are more 
unvaccinated natives. 

• SUMMARY 

Medical care in the Belgian Congo is provided 
chiefly by the government, supplemented by the 
work of the foreign missions and the medical de- 
partments of large industrial concerns. The gov- 
ernment service resembles a military organization 
in structure and mode of operation. Native medi- 
cal auxiliaries are trained by the government and 
by the missions and are employed to assist the 
white doctors and nurses. 

The medical resources have been devoted pri- 
marily to the prevention of communicable diseases. 
A program of yearly mass surveys of the popula- 
tion has been evolved for the purpose of diagnosing 
and treating the carriers of certain diseases, notably 
trypanosomiasis. The population is .being im- 
munized against yellow fever. Eradication of 
insect vectors of disease is accomplished in limited 
areas of the colony where this is feasible. 

Apart from humanitarian considerations, the 
conservation of native manpower is essential for 
the future .development of the country. The 
medical program is part of the larger government 
policy of protecting, gradually educating and 
civiHzing the natives of the Congo under a regime 
which has made this one of the model colonies in 
Africa. 
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'J'hc transmission of infectious diseases by in- 
sects is a vitally important study in cpidemiolog}' 
and preventive medicine. The scientist often 
needs to raise and propagate various insects in 
large numbers and to study their ability to trans- 
mit certain infectious diseases. For these pur- 
poses the writer has constructed an apparatus to 
facilitate the feeding of insects on animals such as 
ral)l)its and monkeys. 

CO.VSTRUCTION OF THE INSECT-FEEDING 
APPARATUS 

This device consists of three parts as illustrated 
in figure 1, Parts A and B arc identical in con- 
struction and arc fastened to opposite sides of the 
animal board (fig. 1, D) by means of brass rods 
and screw cups (fig. 1, h, c, and d). Part C is 
rectangular in form, and has several vertical 
openings to accommodate test tubes or tumblers 
varying from 25 to 80 mm. in diameter (fig. 1, r). 

When insects arc to be fed vertically on an ani- 
mal, the ends of Part C are firmly connected to 
the lops of parts A and B with the aid of hinges 
(fig. 1, (/), On the other hand, when it is desired 
to feed insects laterally on either or both sides of 
an animal, the ends of j)art C arc inserted into the 
oblique grooves of parts and B (fig. ],/). The 
feeding unit (.4, B, and C) can be raised and 
lowcretl as desired (fig. 1, h, r, and d). 

.METHOD OF HOEDINO E.XPEKIMENTAr. ANIMAL ON 
HOARD 

The feeding unit can be used conveniently in 
connection witii an animal hoard constructed by 
the M-rilcr (1). This board is adjustable for large 

' A iLirt of this work was done during 1956-1941 at 
the Xaiional Inslilule of Health. It S. Public Health 
5or\4ce, ashington, I>. C. 


and small laboratory animals, is casj' to operate, 
and facilitates the feeding of insects without the 
constant attendance of an operator. The rabbit 
or monke}* is securely fastened on this board with 
the devices provided, and experiments of several 
hours' duration can be conducted without hurt or 
discomfort to the animal. (Sec figs. 2, 3, and 4.) 

THE FEEDING OF INSECTS ON EXPERIMENTAL 
AXntALS 

After the animal is placed on the table, the hair 
is clipped. Insects which can feed through gauze 
are placed in a test tube or tumbler. A fine 
quality of gauze (or wire mesh) is fastened over the 
contiiincr with rubber bands and tape to prevent 
the escape of the insects or their eggs. The in- 
verted tumbler or test tube containing the insects 
is inserted through the appropriate opening of 
part C onto the hair-clipped skin of the animal, 
thus permitting the insects to feed through the 
gauze. (Sec figs. 2, 3, and 4). 

SUMSfARY 

This new insect-feeding apparatus is esi)eciafiy 
helpful in maintaining an adequate supply of 
blood-sucking insects for scientific studies. It is 
used successfully by the uTitcr in feeding several 
species of reduviid bugs (Tnatonia) and yellow 
fever mosquitoes (Aedes ocgyplt) on cx'j)erimcntal 
animals. This apparatus is simple in construction, 
inexpensive, and useful in studying certain ento- 
mological problems and the transmission of various 
infectious diseases by insects. 

RKrBRE.VCBS 

(I) Packchantan, a.: .\nimal Bo.inl for Guinea Pigs, 
Monkey.s. Rabbits and Other Rahoraton* .Ani- 
mats (1942). Hn press.) 
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Fig. 3. Blood sucking insects feeding on a rabbit, .d, 5, and C, insect feeding unit; E, rabbit held on 
animal board (ventral side up); F, tumbler containing insects feeding on rabbit through gauze; G, tumbler 
containing insects after meal of blood. 
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Fig. 4. Blood sucking insects feeding on monkey. A, B and C, insect feeding unit; E, monkey held on 
board (dorsal side up); F, tumbler containing insects {Triatoma) feeding on monkey through gauze; G, 
Triatoma in tumbler after meal of blood. 






BOOK REVIEWS 


Clinical Tropical Medicine, By t\s-cnty-seven authors, 
edited by I. Taylor Berovitz, D., foreword by 
William A. Sawyer, M. D., Pp 1-957 with 
188 illustrations, 20 plates 6 in full color. Advisor>' 
Editorial Board — Col. Charles F Craig, M. D., U. 
S. Army (Retired), W. W. Cort, A.M., PhD. Col. 
Edward B. Vedder, ^I, D., U. S. Army (Retired). 
Paul B. Hoeber. New York and London, 1944, 
This book on “Clinical Tropical Medicine” was 
designed as an aid to the general practitioner in diag- 
nosis and treatment; as a handbook of prevention for 
the medical officers in the Armed Forces, and as an 
introduction to tropical disease symptomatology, 
pathology and treatment for the medical student. It 
is difficult for any one book to fulfill adequately all of 
these aims. In general tliis text tends to emphasize 
the discussion of the etiological agents and diagnosis. 
The discussions of symptomatolog)', treatment and 
prevention are in certain chapters very brief. 

In any book written by numerous authorities, there 
is great variation in the style and presentation of the 
various subjects. Certain outstanding authoriries 
maintain the excellence and completeness of their 
presentations. The presentations of Relapsing Fever, 
Infectious Jaundice, Rat Bite Fever, Seven Day Fever, 
Dengue and Phlebotomus Fever by the well-known 
writer Col. C. F. Craig arc recognizable in these 
respects. The presentation of Rickettsial Diseases 
by Henry Pinkerton and of Yellow Fever by Fred L. 
Saper are excellent. 

The discussion of snakes, snake poisoning and man- 
agement of snake bite by James A. Oliver and Dudley 
Jackson is well-organized and presents a clear dis- 
cussion of the most accepted treatment. 

There are 46 pages and 13 full page plates devoted 
to laboratory methods and description of the intestinal 
protozoa. Col. George Callender’s articles are ex- 
tensively quoted in the patholog}” of the dysenteries. 

There are 46 pages with 4 full page color plates on 
malaria. In the chapter on malaria, quinine dihy- 
drochloride is recommended for intravenous use in 
doses of 165 gm. (25 grs). This is dangerously in 
excess of the dosage recommended by most authorities. 
The prophylactic dose of 0.1 gm. atabrine- three times 
weekly would probably be inadequate in the majority 
of cases. 


The nutritional diseases arc well presented by Colonel 
Edward B . Vedder. This section is well-organized and 
concise. 

There are 103 pages devoted to diseases caused by 
yeast and fungi. The superficial mycoses, derma to- 
mycoscs and systemic mycotic diseases are well pre- 
sented by Morris Moore. A discussion of these im- 
portant diseases is desirable but the space given to them 
in this text seems disproportionally large. 

There are only 91 pages devoted to all the helminthic 
diseases. In view of the increasing importance of some 
of these infestations, i.c., filariasis, tlie discussions of 
these subjects arc very brief. The chapter devoted 
to treatment of intestinal worms discusses complete 
treatment regimes for the anthelminthic drugs. 

There arc short discussions of Personal Hygiene 
and Sanitation in the Tropics. 

Fratis L. Duff. 

Tropical Nursing, A Hand-Book for Nurses and 

Others going Abroad. By A. L. Gregg. M.A., 

M.D., M.Ch., B.A.0 (Dublin). D.T.M. and H. 

(Lond.), L.hl. (Rotunda Hospital. 2n, Ed. Pp. 

1-184. Illustrated. Philosophical Library. New 

York. N. Y. 

This pocket-size volume is an excellent guide for 
nurses in the tropics and well fulfills the aim of the 
author to provide a practical and authoritative work 
to place in the hands of travelers in tropical regions. 
After a brief Introducton the book is divided into the 
following sections; Personal Hygiene in the Tropics, 
Diseases, Technique, Care of the Eyes, and a Glossary. 
The section upon disease encountered in the tropics 
considers all of the important diseases met with in such 
localities in a brief but comprehensive manner and 
embodies all of the essential facts which would prove 
to be useful to nurses or travelers and the data given 
are correct and up-to-date in most respects. The 
section devoted to Technique includes the technique of 
blood examinations, blood tranfusion, bowel lavage, 
test meals and intramuscular and intravenous injec- 
tions. There are also included a useful glossary and 
tables of w’eights and measures. 

The book can be recommended to those for whom it 
is intended as a reliable and useful one and deserving 
of a wide circulation. 

Chas. F. Craig. 
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WARRINGTON YORXE MEMORIAL FUND 


The late Professor Warrington Yorke was a 
product of the Liverpool School of Tropical Medi- 
cine, and. one of its most distinguished members. 
In addition to his jealous maintenance of the high 
standards set by earlier workers at the school, 
he earned for himself an international reputation 
in the world of medical science, and his outstanding 
original work on trypanosomiasis, biackwater 
fever, the nematode parasites, and many other 
parasitic and tropical diseases has permanently 
enriched our knowledge of these subjects. 

In the latter part of his career, so untimely cut 
short, Yorke ’s exceptional energy and ability were 
increasingly devoted to the elucidation of the mode 
of action and the therapeutic value of chemical 
compounds, especially in parasitic diseases. As 
a direct result of his pioneer work, new and more 
potent weapons were forged to combat a number 
of diseases, in particular leishmaniasis and trypa- 
nosomiasis. That these discoveries were of far 
more, than academic interest has been proved by 
their increasing^’' wide employment; indeed, it may 
be said that Yorkers introduction of drugs of the 
diamidine series is rendering possible the mastery 
of kala-aaar in those parts of the world where the 
disease is pecuh'arly resistant to the antimonial 
compounds. 


At the time of his death further studies in 
chemotherapy had been initiated« by him, and it 
was his avowed object to promote chemothera- 
peutic research in Great Britain to the front rank 
and firmly to establish Liverpool as one of its 
leading centres. To that end, he laid a sound and 
solid foundation on which to build, but, though 
he lived long enough to see the realization of his 
ambition begun, he did not see it consolidated. 

The Council of the Liverpool School of Tropical 
Medicine feels that a fitting memorial to this 
remarkable man would be to place on a firm finan- 
cial basis the recently created Chemotherapeutic 
Research Department, where the work which he 
inaugurated will be continued in association with 
his name. To this end a Warrington Yorke 
Memorial Fund has been opened, and the Coundl 
believes that Yorke’s many colleagues, friends, 
past students and others who have benefited by the 
great advances which he helped to make in tropical 
medicine and hygiene during his forty years of 
service, will wish to be associated with this 
memorial; from such the Coundl would welcome 
subscriptions, however small, which should be 
addressed to; — ^The Honorary Treasurer, Liver- 
pool School of Tropical Medicine, The Chamber 
of Commerce, 1, Old Hall Street, Liverpool. 
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THE AMERICAN JOURNAL OF 
TROPICAL MEDICINE 

The American Journal or Tropical Medicine is issued bi-monthly, appearing in 
January, March, May, July, September, and November. Under the present plans, 
one volume a year will be issued. 

Accepted articles for whidi immediate pubhcation would seem important will be 
inserted in the next issue of the journal to go to press if the author is willing to pay the 
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DETECTION OF THE GONOCOCCUS 


The superiority of the cultural method over the usual 
microscopic technic for detection of gonococcal infections 
has repeatedly been demonstrated. The cultural method is 
especially indicated in chronic and treated cases and for 
determining the release of patients. 

Bacto-Proteose No. 3 Agar, 

enriched with a solution of Bacto-Hcmoglobin to form a 
chocolate agar, is an ideal medium for cultural detection of 
Neisseria gonorrhoeae from all types of gonococcal infections. 
Upon this medium gonococcus colonies may be detected even 
when the organisms are present in the exudate in such small 
numbers that they may be missed upon microscopic examination. 

Proteose-Peptone No. 3 

is the essential ingredient of Bacto-Protcosc No. 3 Agar. This 
peptone, in a saline solution, is also recommended as a diluent for 
suspending the exudate prior to inoculation on chocolate agar. 

Bacto-Hemoglobin 

in a two per cent solution is the preferred enrichment for 
preparation of chocolate agar from Bacto-Proteose No. 3 Agar, 
It is readily soluble in water and is sterilized in the autoclave. 

Bacto-Dextrose Starch Agar 

is a very useful medium for propagation of pure cultures of the 
gonococcus. The organism grows luxuriantly upon this medium 
without further enrichment. Bacto-Dextrose Starch Agar also 
supports excellent growth of many other pathogenic bacteria 
and when used in half strength it is well suited for maintaining 
stock cultures. 

Bacto-Pheaol Red Media 

arc particularly useful for determination of fermentative 
reactions of newly isolated strains of the gonococcus. A selected 
group of complete agar and broth media arc available, as arc 
also the basic media without carbohydrate. 


Difco Laboratories 

INCORPORATED 

DETROIT, MICHIGAN 



Volume 24 SEPTEMBER, 1944 Number 5 

The American Journal 

OF 

Tropical Medicine 

OFFICIAL ORGAN 

The American society of Tropical Medicine 



CONTENTS 

Serological Studies of Bullis Fever. H. R. Livesay' and M. Pollard . 281 
Early Filariasis Diagnosis and Clinical Findings : A Report of 268 Cases 

in American Troops. Boy'd G. King 285 . 

Lesions, of the Lymphatic vSystem in Early Filariasis. William B. 

Wartman 299 

Precipitin Reactions with Antigen Prepared from Microfilariae of , 
Wuchereria Bancroft. Jose Oliver-Gonzalez and Z, T. Ber-" 
coviTz 315 

Death Due to Bstivo-Autumnal Malaria. B. H. Kean and John A. 

Smith ; 317 

On the Preparation and Properties of Antigens from . Plasmodium 
I^nowlesi., Anna Dean Dulaney- and Dempsie B. Morrison. . 323 

The Rearing and Maintenance of a Laboratoiy Colony of the Body 


Louse. G. H. Culpepper 327 

Book Reviews 330 


Published Bimonthly by THE WILLIAMS & WILKINS COMPANY 

BALTIMORE, 2, U. S. A. 


CopjTight 1944, The Williams ^ Wilkins Company 

Made tn United Slates of Airierica 


THE AxMEEICAN JOURNAL OF 

TROPICAL MEDICINE 


mior, CHAS. F. CRAIG 
Colonel, U, S. Army, Retired 
239 West Lullwood Avenue, San Antonio 1, Texas 


Assistant Editor, Ehnest Carroll Faust, 
School of Medicine, Tulane University, 
New Orleans, Louisiana 


EDITORIAL BOARD 

John F.Kessbl, Medical School, University Mark F. Boyd, Station for Malaria Re- 
of Southern California, Los Angeles, Cal- search, Tallahassee, Florida. 


ifornia. 

N. Paul Hudson, The Ohio State Uni- 
versity, Columbus, Ohio. 


Brig. Gen. James S. Simmons, M,C., U. S. 
Arm5% Office of the Surgeon General, 
Washington, D. C. » 


OFFICERS OF THE AMERICAN SOCIETY OF TROPICAL ]MEDICINE 


President: W. A. Sawyer, Rockefeller 
Foundation, New York City. 


Presidcnl-clcct: R. E. Dyer, National In- 
stitute of Health, Bethesda, Md. 


Vice-President: H. W. Brown, Columbia 
University, New York City. 


Secretary-Treasurer: Joseph S, D’Antoni, 
School of Medicine, Tulane University, 
1430 Tulane Avenue, New Orleans, La. 


Editor: Charles F. Craig, Colonel, U. S. 
Army, Retired, 239 West Lullwood Ave- 
nue, San Antonio I, Texas. 


Councillors 

L. T. CoGGESHALL, School of Public Health, 
University of Michigan, Ann Arbor, 
Mich. 

Thomas J. LeBlanc, University of Cincin- 
nati, Cincinnati, Ohio. 

Andrew J. Warren, Rockefeller Founda- 
tion, New York City. 

James S. Simmons, Brigadier General, 
Medical Corps, U. S. Army, Surgeon 
Generals Office, Washington, D. C. 

George R. Callender, Colonel, Medical 
Corps, U. S. Army, Army Medical School, 
Washington, D. C. 

Robert Briggs Watson, Tennessee Valley 
Authority, Wilson Dam, Alabama, 

John F. Kessel, Univ. Southern CalifM 
School of Medicine, Los Angeles, Calif. 

Oliver R. McCoy, School of Medicine k 
Dentistry, University of Rochester, 
Rochester, N, Y. 


Any regular physician or scientist interested in the study of tropical diseases is cliphic 
for membersnip. Dues arc $o.00 a year and include subscription to the American 
Journal of Tropical Medicine. Application blank may be obtained from the»Sccrctar>L 


ErAcrtd as second clws tnstter Marth 16. 19:!, at thf post o.Tiee at BiUtmnrr. Md.. nndrr Iha art of March J, 1575 
Sabscriptica pnec. J5,00 per volume, Sisjle numbe??, 



. SEROLOGICAL STUDIES OF BULLIS FEVER 
H. R. Livesay and M, Pollard^ 


The clinical syndrome which is referred to as 
Bullis fever (1) and which is associated with a 
rickettsia-like agent (2) was further studied for 
serological identification or differentiation from 
some of the known rickettsial agents. The lack 
of relationship existing between the agent of Bullis 
fever and that of Rocky Mountain Spotted fever 
has been demonstrated by guinea pig challenge 
experiments (2). There has been some slight sug- 
gestion of similarity of the clinical picture to that 
of Q fever. * This is not confirmed in the following 
report. 

The majority of cases occurred in one (1) group 
of men, all stationed simultaneously at Camp 
Bullis, Texas, and coincidentally during a very 
high degree of insect infestation of the area. Two 
(2) months after the cessation of the outbreak, 
two hundred and sixty-one (261) serums were 
collected from cases which were diagnosed clin- 
ically as the Bullis fever syndrome. AH of these 
cases gave a history of tick^ and chigger bites, 
sudden onset of illness, severe headache, lymphad- 
enopathy, and leukopenia. All specimens of serum 
were collected aseptically in vacuum tubes and 
were transported immediately to the laboratory. 
The serum was stored without preservative in 
sterile vials at 4®C. until examined. In addition, 
specimens of serum were similarly collected from 
cases which occurred during this period in the 
personnel of other units; also from cases of unre- 
lated diseases and normal individuals as controls. 

Several species of animals from the Camp Bullis 
area were shot and serum specimens were collected 
for examination: this included 40 deer (Odocoileus 
vtrginianus subsp.), 7 rabbits {Lepits calif ornicus 
subsp.), 2 raccoons {Procyon lot or fuscipes), and 1 
armadillo (Dasypus novemcinctum). 

All serum specimens were tested for Weil-Felix 
agglutination reaction and by the complement 
fixation reaction for endemic t3T3hus, American Q 
fever and Bullis fev^er (one hundred and ninety- 
two (192) human and fifty (50) animal specimens 
for tlic latter disease). Fifty-six (56) of the human 

^ Colonel, Medical Corps, United States Army, and 
Captain, Veterinary Corps, Army of United States. 

•Presumably Amhlyomvia cmcricafitm because of 
their predominance in the area. 


and 14 of the deer specimens were kindly examined 
for Q fever by Mr. D. M, Wolfe of the Rocky 
Mountain Laboratory, Hamilton, Montana, using 
Q. F. Rickettsia agglutination and complement 
fixation tests. 

The complement-fixing antigens for Q fever and 
endemic typhus were prepared from the infected 
chick embryo yolk sac. The Bullis fever antigen 
was prepared by triturating with sand the enlarged 
infected spleens of mice^ and adding approximately 
twenty (20) per cent by volume sterile physio- 
logical saline. The heavy material was permitted 
to settle out at 4°C. overnight or by light centrifu- 
gation for five (5) minutes at one thousand (1000) 
r.p.m. The supernatant in either case was used 
as antigen. This was titrated before use with 
human serum from which the agent was isolated. 
Unfortunately, an insufi5cient quantity of the 
latter antigen was prepared to titrate the serums 
to their end points. This was prevented by the 
sudden disappearance of the agent from our e^eri- 
mental animals. 

The conventional complement fixation test was 
set up with 1:5 and 1:10 dilutions of inactivated 
serum, two (2) units of antigen, and two (2) units 
of complement. Following a primary incubation 
period of fifty (50) minutes at 37®C., the ambo- 
ceptor and cells were added. The tests were read 
after a second incubation at 37°C. for forty-five 
(45) minutes. 

As indicated in chart 1, fifty (50) random cases 
are tabulated. All gave negative Weil-Felix reac- 
tions. All were negative for endemic typhus and 
two (2) cases were positive for American Q fever. 
Forty-seven (83.9%) gave positive results for 
Bullis fever: thirty-nine (39) with 4-f- and eight 
(8) with 2 4- fixation. Of the two (2) positive Q 
fever cases, one (1) was negative and one (1) was 
positive for Bullis fever. One was positive by 
serum neutralization for Rocky Mountain Spotted 
fever. Of the remaining one hundred and forty- 
two (142) human serums examined for Bullis fever, 
one hundred (70.5%) gave positive results for 
Bullis fever: seventy-six (76) were 44- positive 
and twenty-four (24) were 2-f- positive- The re- 

3 Infected with A.M. strain, isolated from a human 
case of the disease. 
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CHART 1 


Aggluiimiwn Ox—WcU-FcIix Rcaciion 


NO. 

KAUE 

ACCLOTINATIOK OX 

T,r. c-r 

QJ. 

ACetUT. 

Qj. c-r 


OT 



19 

2 

K 

1:5 

1:5 

1:5 

1:5 

1:10 

1 

J. M. 

1:10 

1:20 

— 

— 

— 



4+ 

2+ 

2 

J.D. 

— 

— 

— 

— 

— 

— 

4+ 

2+ 

3 

T. N. 

1:10 

1:10 

— 

— 

— 

— 

4+ 

3+ 

4 

W. D. 




— 


— 

4+ 

2+ 

5 

E. B. 

1:20 

— 

1:10 

— 

— 

— 

2+ 


6 

A. G. 

— 

— 

— 



— 

4+ 

4+ 

7 

J. M. 

— 

— 

1:20 

— 

— 

— 

4+ 

4+ 

8 

G. L. 

1:10 

1:10 

— 

— 

— 

— 

1+ 


9 

J. M. 

— 

— 

— 

— 

— 

— 

3+ 


10 

C. E. 

1:80 

1:40 

1:20 

— 

— 

— 

4+ 

34- 

11 

H. B. 

1:20 

— 

1:10 

— 

— 

— 

4+ 

3+ 

12 

J. R. 

1:20 

— 

1:20 

— 

— 

— 

4+ 

4+ 

13 

W. R. 

— 

— 

— 

— 

— 

— 

2+ 

l-f- 

14 

J.M. 

1:40 

— 

— 

— 

— 

— 

4+ 

2+ 

15 

R. 0. 

1:10 

— 

— 

— 

— 

— 

4+ 

3+ 

16 

A. P. 

1:20 

— 

— 

— 


— 

4+ 

4+ 

17 

P. D. 

1:10 

1:10 

1:40 

. — 

— 

— 

4+ 

14- 

18 

M. K. 

1:10 

— 

— 

— 

— 

— 

3+ 

1+ 

19 

A. A. 

1:20 

— 

— 

— 

— 

— 

1 + 



20 

J. s. 


— 

— 

— 

— 






21 

0. K. 

1:40 


1:10 

— 

— 

— 

4+ 

4+ 

22 

T. C. 

— 

— 

— 

— 

— 

— 

4+ 

4+ 

23 

H. R. 

1:10 j 

— 

— 

— 

— 

— 

4+ 

3+ 

24 

A. A. 

1:10 I 

— 

— 

— 

— 

— 

24- 


25 

G. L. 

— 

— 

— 

— 

— 

— 

44- 

24- 

26 

j L.H. 

1:20 

— 

— 

— 

— 

— 

44- 

44- 

27 

i J.A. 

— 

— 

— 

— 

— 

— 

14- 

— 

28 

D. R. 

— 

1:10 

— 

— 

— 

— 

44- 

34- 

29 

J. C. 

1:10 

1:10 

— 

— 

— 

— 

44- 

44- 

30 

T. W. 




— 

1 — 

— 

34- 

— 

31 

J.B. 

1:10 

— 

— 

— 

— 

— 

44- 

34- 

32 

\V. K. 

— 

— 

— 

— 

— 

— 

44- 

44- 

33 

C. B. 

— 

— 

— 

— 

— 

— 

44- j 

44- 

34 

J. S. 

— 

— 

— 

— 

— 

— 

44- 

1 — 

35 

J. 

— 

— 

— 

— 

— 



24- 

— 

36 

E.N. 

— 

1:10 

— 

— 

— 

— 

44- 

14- 

37 

R.T. 

— 

1:10 

— 

— 

— 



44- 

44- 

38 

G.A.S. 

— 

1:10 

— 

— 

— 

— 

34- 

— 

39 

T.R. 

— 

1:20 

— 

— 

— 

— 

14- 

— 

40 

J.E.B. 

— 

— 

— 


— 

4 -f 1:64 

— 

— 








2 4- 1:128 



41 

L. H. 


— 

— 

— 

— 

— 

34- 

— 

42 

W. B. 

— 

— 


— 

— 

— 

44- 

34- 

43 

A.F. 

-- 

— 

1:10 

— 

— 


24- 

— 

44 

\V. D. 

— 

— 

— 

— 

— 

— 

44- 

24- 

45 

J.B. 



— 

— 

— 

— 

44- 

44- 

46 

L. L. 

— 

— 

— 

— 

— 

— 



47 

E. S. 

1:10 

— 

— 

— 

— 

4 + 1:16 


14- 

4S 

K. B. 

— 

— 

1:10 


— 

— 


— • 

49 

P. L. 

— 

— 

— 


— 

— 


44- 

50 

M. n.* 

— 

— 

— 

— 

— 

wBmU 




T.F, C-F. — t\*phus fever complement fLTritzon; Q.F. ac^lut- — Q fc^cr ncVctt'hl nc^lutin.-.tnn; Q F. C-T 


Q fc%*cr complement ruTation; D.F. C-F. — BulUs fever complement fixation. 
• Pofitivc for Rocky Mounlrvin Spotted Fever. 
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maining forty-bvo (42) were negative. All tests 
were negative for endemic t}T7hus, and Weil-Felix 
reaction. As was indicated in a pre\nou5 report 
(2), the Wcil-Fclix reaction remained significantly 
negative during the entire acute stage of the dis- 
ease and during convalescence. 

Of forty (40) deer specimens, four (4) exhibited 
positive complement fixation for Bullis fever, and 
two (2) otlicrs for Q fever. Two (2) of the seven 
(7) rabbits were also positive for Bullis fever and 
all were negative for Q fever. The raccoons were 
negative for both Bullis fever and Q fever. The 
one (1) armadillo examined was anticomplemen- 
All of the animal serums examined were 
negative for endemic t 3 'phus and significant Weil- 
Fcli.x reactions. 


evidence of this disease*, however, enough of them 
were positive to permit us to attach some signifi- 
cance to the results. Seventy-six (76) per cent 
of the one hundred and ninety-two (192) specimens 
gave positive complement fixation for this disease; 
78.2% of these with strong positive, and 21.8%' 
vsnth strongly suspicious reactions. The etiology 
of those cases with negative serology for Bullis 
fever must necessarily be left to conjecture: with 
some, the serological sensitivity may have dis- 
appeared by the time the specimens were collected; 
for the rest, other unidentified etiological agents 
may be responsible for the disturbance. 

The specificity of the antigen was supported by 
the negative reactions with serum from cases of 
endemic t)T>hus fever, Q fever, Rocky Mountain 


CHART 2 


SirOMEKS 

BtTttlS 

FEVER 

% 

TYTOUS 

% 

Q IXVER 

% 

261 Bullis fever positive 

147/192* 

76,5 

0/261 

o' 

2/261 

0,76 

40 Deer positive 

4/40 

10 

0/261 

0 

2/40 

5t 

7 Rabbits ' 

2/7 

28.5 1 

0/7 

0 

0/7 

0 

2 Racoon controls 

0/2 

0 

0/2 

0 

0/2 

0 

29 Normal human 

0/29 

0 

0/29 

0 

0/29 

0 

4 T^-phus fever 

0/4 

0 

4/4 

100 

0/4 

0 

3 Spoiled fever 

0/4 

0 

0/4 

0 

0/4 

0 

4 Convalescent scrub l^'phus 

0/4 

0 

0/4 

0 

0/4 

0 

2 Q fever 

0/2 

0 

0/2 

0 

2/2 

100 


• Denominator represents the number examined; numerator is the number of positives. 
t Not the same as those positive for Bullis Fever. 


Control scrum specimens from heterologous in- 
fections winch were negative for Bullis fever were 
as follows: four (4) eases of endemic t>phus, three 
(3) eases of Rod:y Mountain Spotted fever, two 
(2) eases of Q fever, and four (4) cases of scrub 
tj'iihus. In addition, twenty-nine (29) normal 
scrums were tcstctl for Bullis fever, Q fever, en- 
demic U'l^hus, and Wcil-Fclb: reaction witli nega- 
tive results. 

In order to determine the possible influence of 
the hctcrophilc antibody with the mouse spleen 
antigen for Bullis fever, some of the positive and 
negative scrums were examtneti for this antibody. 
In no instance was a significant hctcrophilc anti- 
ImihIv liter obtaincvh none was above 1:20. 

niscussiON 

Xot all of the cases which were designated as 
llulH*; fever clmtcally gave yn'isllivc serological 


Spotted fever, scrub t>"phus and twenty-nine (29) 
normal scrums. The bizarre serology in some 
cases of Q fever requires some consexv^atism as to 
the interpretation of the results of examinations 
for this disease. 

The positive scrolog%" for Bullis fever in four (4) 
of forty (40) deer and two (2) of seven (7) rabbits 
might mean that these animals constitute the 
reservoir species, or more probably that these ani- 
mals arc sho;\dng evidence of past exposure to the 
disease agent. Until the active agent can be 
demonstrated in the suspected species, it is illogi- 
cal to call them reservoir hosts. It is conceded, 
hovrever, that tlic animals contribute to tlxc propa- 
gation of those insects whidt may transmit the 
disease. An agent has been isolated from Camp 
Bullis tid;s (A. critcriccnum) (3), which seems to 
bear some similarity to Uie agent isolated by us 
from a human ease of the disease. 
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COXCLUSIOKS 

L The Bullis fever syndrome is not character- 
ized by a significant Proteus OX-19, OX-K, or 
OX-2 agglutination reaction. 

2. There does not appear to be any serological 
relationship between the rickettsiaJike agent of 
Bullis fever and the rideettsia of American Q fever 
by the complement fiuxation test. 

3. From the results obtained, there does appear 
to be some significant serological relationship be- 
tween tlic agent isolated from a -human case of 
Bullis fever and the serums of convalescent cases. 
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268 CASES IN AMERICAN TROOPS 
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INTRODUCTION 

The early lesions produced by infection with 
Wiichcreria bancrofti have been described in the 
past by several observers (6, 2, 16, 17, 24). These 
have usually occurred in native populations in 
whom it was difficult to define the earliest manh 
festations. We have re> ently observed 268 Ameri- 
can troops who had lived an average of four months 
in Pacific islands and who presented symptoms and 
signs which we believe were due to filariasis. Most 
of the patients had never lived in the tropics be- 
fore, so that the lesions found represent the earliest 
manifestations of the disease. Our observations 
began eight months after the patients had first 
arrived in the endemic areas and in the majority 
of instances within a few days or weeks after the 
first symptoms. Our attention was first drawn 
to the possibility of filariasis in this group by a 
patient who had epididymitis and then developed 
lymphangitis of one arm. This led to biopsy of a 
lymph node in another patient, sections of which 
show'ed adult filariae in the sub capsular sinuses. 
In the succeeding eight months the present series 
was observed. 

The life cycle of Wuchcreria bancrofti is well 
known and need not be discussed here. It nor- 
mally inhabits the lymphatic S 3 ^stem of man, 
giving rise to a host of clinical conditions as it 
progressively produces pathological change. L 3 m- 
phadenitis and lymphangitis have been considered 
by others (2, 6) to be the early lesions of the 
pathology of filariasis and our experience supports 
this view. This paper deals with the clinical 
aspect of the 268 cases. The pathology is sepa- 
rately reported by Wartman (26). 

SOURCE OR INPECnON 

229 (85.4%) of this group had spent one month 
on one island, two and a half months on another 
and two weeks on a third. 31 (11.6%) had spent 
four months on the third island only. The remain- 
ing 8 (3%) had lived variously from t\vo to eleven 
months in the above areas. This w’as in the period 

■ * Major, Med. Coips, Arm^^ of the United States. 


from the first part of May, 1942 until September, 
1942. We did not come into contact with the 
group until January, 1943, No cases were seen 
who had not been in the above-mentioned areas. 
By far the larger number of patients had spent two 
and a half months on Island No. 2. All the men 
lived in or near the jungle and of necessity in close 
proximity to the natives. The recent incidence of 
filariasis in the natives on Island 3 is not known to 
us. However, from personal communications, 
many of them were observed to have elephantiasis 
and/or microfilariae in the peripheral blood. Ap- 
proximately one fifth of the troops stationed there 
were admitted to this hospital with manifestations 
of filariasis. 

INCUBATION PERIOD 

The onset of the disease was designated as the 
date of the first clinical symptoms, which were 
carefully evaluated in taking the histories. If, 
there was doubt as to the character of the symp- 
toms, the date of onset was noted to be that of the 
date of onset of the presenting complaint in the 
hospital. Our observations began eight months 
after the first possible contact. It is known (per- 
sonal communications) that clinical cases similar 
to ours were observed in this group as early as 
October, 1942 (five months after exposure), so that 
we have no reason to doubt the validity of the 
histories given us. In this regard the case of 
O’Connor’s assistant (2) who developed epitroch- 
lear adenitis 43 days after being bitten by filariated 
mosquitoes is pertinent. 

The earliest onset was three months after arrival 
in the islands (fig. 1). During the period during 
which we had contact with the troops, there was 
a rather constant incidence of onset of the disease 
from month to month. The troops were removed 
from our area, so the longest interval before symp- 
toms occur is as yet unknown. The relatively 
slight variations in incidence from the tenth to the 
fifteenth months would lead to the belief that 
further cases would continue to appear either in 
similar or in decreasing numbers for an indefinite 
period. The slight increase in the fifteenth month 
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was due to a concerted effort to find all the cases 
in the group for proper disposition. No estimate 
of average incubation period of any validit}' is 
possible from this group, but it is fairly certain 
not to occur before three months exposure, and the 
increasing incidence thereafter becomes constant 
at about the tenth month. 

MODE OF ONSET 

Almost none of the patients had more than a 
mild constitutional reaction at the onset of sjmop- 
toms. In only two instances did complaints in- 
clude chilis, fever, malaise and headache. The 
first s>Tnptoms were largely local, consisting of 
pain, swelling or redness of an arm or leg; or pain 
and swellbg in the scrotal region. The pain in 


that the tabulation is largely from the patients’ 
histories. Actual findings are given below. 

CUNiaU. SIGNS SYMPTOMS 

Of the various filarial disturbances, we observed 
no cases of arthritis, hip joint abscess, varicose 
groin or axillary" glands, lymph scrotum, chyluria, 
elephantiasis or chylous hydrocele, chylous diar- 
rhea or chj'lous ascites. There was one doubtful 
case of sjmovitis of the knee not included in this 
series. Li another there was an abscess appar- 
ently arising in the femoral glands, which yielded 
Staphylococcus aureus on culture, and in which 
there was a positive intradermal reaction to D, 
ivmUis antigen (sec below). There was, however, 
no other clinical e\ddence of filariasis. 


Eo# Casco 
45 



Fig. 1. I — I : Period During Wmen the Patients Were Odservxd 


the extremities was never severe, but usually ac- 
companied by stiffness. The swelling was most 
often limited to the medial surface of the upper 
arm, or the anterior surface of the forearm, and 
when redness was noted it was usually diffuse in 
the same areas or in the form of a streak over the 
area of swelling. The swelling of the scrotum and 
its contents was more uncomfortable, but still not 
often severe. In the few instances of onset in the 
leg, an occasional patient mentioned mild gener- 
alised swelling below the knee. Pain in the groin 
was not uncommonly the first symptom, vdiile pain 
in either lower abdominal quadrant occurred twice. 
In five instances arm and genital symptoms oc- 
aim‘d simultaneously. The site and ln>e of onset 
are shown in table 1. It should be hotze in mini! 


The syndromes observed fall roughly into three 
categories; lymphangitis of extremity or trunk, 
acute inflammation of the scrotum or its contents, 
and Kunph node enlargement. Fever was recorded 
in 53 (19.7%) of the 26S cases. In all but a few 
instances it was vcr>" mild, reaching 99 or 100 1, 
for a few days, occasionally prolonged up to as long 
as six weeks. In four instances there v.*as fever 


up to 102 or 103 F. for from two to six dap, 
associated with lymphangitis. In one instance 
the fever reachetl 104 F. at onset and fell by 
over a pcritKl of 12 days, with no local symptorni 
until the sixth day, when transient ep:d;dymilis 
occurred. This case siniubtccJ pciratyphoid fever 
but no evidence for it could be found. 

'Ike rcLip-ing nature of the symptom) as dc* 
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scribed by many (17, 24) was amply verified in our 
experience. Lymphangitis occurred as many as 
six times in one individual, and many of tlic eases 
had had rccuncnccs of either subcutaneous or 
genital inflammation one or more times. In gen- 
eral the acute local symptoms were of short dura- 
tion, rarely persisting over ten days, and often 
disappearing within two or tlirce days. A striking 
feature of the whole group was the lack of severe 
constitutional symptoms. The patients did not 


nation facilities some patients had to be discharged 
before signs w^ere completely subsided and others 
had slightly prolonged stay. Consequently tlic 
above figure is an approximation of the amount of 
time lost for each attack, but it is believed that it 
is not far wTong in the average case. Seventeen 
patients were sent to duty because of the apparent 
minimal nature of the s3Tnptoms or because of 
doubt in the diagnosis. Twelve of these returned 
for a second admission at which time tlie diagnosis 


TABLE 1 
Mode of Onsd 


SITE AND SYITPTOUS OT TIRST EESION 

KO. CASES 

0* 

\ 

NO. WITH 
SYvrrosJs 

% 

I. Genitalia i 

152 

55.5 



Swelling 



134 

88.2 

Pain in testis 



125 

82,2 

Pain in groin 



15 

9.8 

Redness of scrotum 

i 


2 

1.3 

11. Arm 

105 

38.3 



Swelling 



92 

87,6 

Pain 



82 

78.1 

Redness 



SO 

- 47.6 

Pruritus 



3 

2.9 

III. Leg 

10 

3,6 

1 


Pain 



8 

80.0 

Swelling 



7 

70.0 

Redness 



2 

20.0 

lY. Miscellaneous 

7 

2.6 



Chill, fever, malaise 



2 


Pain, swelling in flank 



1 


Pain right lower quadrant 



1 


Pain left lower quadrant. 



i 1 


P.iin, swelling in neck 



: 1 

I 

1 

V. Combined sites at onset 




1 

Genitalia and arm 

5 




Arm and leg 

1 



i 


feel sick, and the local lesions were not extraor- 
dinarily painful or disabling. In no instance did 
there seem to be danger to life. However, the 
disease was most important from the militarx* 
standjK»int because the lesions were incompatible 
with full field duly. The aches and pains of the 
extremities or testicles were definitely aggravated 
l>y exertion, and the tendency to rmirrcnccs placed 
the man s future cfikicncy in douM, 

After allowing for oncurrent illnesses, the aver- 
age hospital stay was days. Because o: cvac- 


was more cv'idenl. The remaining 5 did not re- 
turn to this hospital. 

LynphanpilS 

Infiammation of the lymphatics involving the 
arm, leg or trunk is kno'am to be common in 
filarial diseases. It was obserx'cil in U)9 in 
this scries. In an additinr.a! 2S cases there wa-i 
a history of lymphangitis making a tot.al of 137. 
an incidence of 51, Table 2 shma? the loca- 
tion of the lesions in the Ixxiy. The predominance 
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of arm lesions correlates vntii the high incidence of 
epitrochlear adenitis to be described below. 

The limphangitis of the arm occurred most 
commonly along a course overlying the brachial 
vessels or on the volar surface of the forearm. It 
took three forms: A red streak of vaivdng length 
often with an underlying firm irregular cord, most 
common in the upper arm; patches of subcutane« 
ous edema and overlying rednesSj irregular in out- 
line and of vary'ing size and most common on the 
anterior surface of the forearm; and diffuse edema 
and crj'thema of the upper arm or forearm. With 
the cr>i:hcma there was increased local heat. Ten- 
derness was mild or moderate, rarely severe. The 

TABLE 2 


Site of Lymphangiiis (Excluding Gcniialia) 


1. Arm 

124 


Unilateral 


91 

Bilateral 


7 

History of lymphangitis — 


26 

n. Leg 

20 


Unilateral 


18 

Bilateral 


0 

History' of lymphangitis — 


2 

III. Trunk 

5 


Neck 


3 

Groin and buttock 


2 

Total times occurred 

149 


IV. Combined involvement 

12 


Arm and leg 


7 

Extremity and trunk 


5 

Total no. indt%’iduals 

1 137 (51.1% of 


1 26S eases) 


streaks were often multiple and in one case there 
vczs a graphic anatomical demonstration of all the 
supcrfidal lymphatics of both the upper and the 
lower arm outlined by the inflanimatory’ reaction. 
The irregular cords, formed along the lymphatic^, 
persisted after the acute inflammation subsided, 
but over a period of a few days, tended to dis- 
appear. RcsidualK' there were at times poorly- 
defined areas of subcutaneous induration or nodules 
whicli fc!t ILkc lymph nodes. In other instances 
there were only pa.tchcs of subcutaneous edema, 
of a peculiar “blubbcry'” con-i?lcncy, with no 
ery'thema or tcnde.mcjs. and which tenried to per- 
5 i 5 t for I*.' o or three wevks. 


In the leg the lymphangitis was usually^ along 
the medial surface of tlic thigh, and in onh' four 
instances was there a definite streak. Patdics of 
swelling in the popliteal area, the calf or about the 
ankle were observ’cd. In three instances transient 
areas of lymphangitis occurred on the side of the 
neck and in one, over an cy-ebrow. Tiicrc were 
two cases of a wide (3 cm.) streak of lymphangitis 
starting in the groin and extending laterally about 
the hip nearly to the intergluteal fold. 

Perhaps the most unusual feature of the lym- 
phangitis was its tendency^ to extend peripherally. 
It often appeared in a limited area and did not 
spread, but it was observed in many'' instances to 
spread down the arm, or ccntrifugalIy^ The two 
cases starting in the groin spread away from the 
inguinal nodes. This feature \Yas not obscr\*cd in 
the legs. Some of tlie patients spontaneously dc* 
scribed this spread in giving the histories of their 
symptoms. Fever and malaise were irregularly 
present and were not prominent. Leucocydosis 
was usually only mild if present at all. Local 
adenopathy often accompanied the lymphangitis, 
but was not invariably' present. Urticaria of local 
distribution over areas of lymphangitis occurred 
rarely. In a few instances, after the acute cry'- 
thema had subsided, ccchymiolic discoloration of 
the skin was present, usually overhung a subcu^ 
toncous cord-like structure. 

Genital Lesions 

Inflammation of the spermatic cord, epididymis, 
testicle or scrotum, or a combined involvement of 
more than one of the intrascrotal structures was 
the most common lesion observed, occurring in 
192 (71.6%) individuals, of whidi 183 were seen 
by us, the remaining 9 giving a history' of testicular 
swelling. The usual history was of a painful swell- 
ing of the testicle, which may' have been inter- 
mittent for weeks or months, but usually was seen 
by' us at or soon after the first attack. 

Tabic 3 shows the various lesions encountered 
Funiculitis and epididymitis was the most frequent 
combinalion ohscn'cd. TIjc swelling usually' in- 
volved the spermatic cord from the external inrun 
nal ring to its junction with the cplclhlymb and 
swelling of the two structures wa^ nearly' always 
concurrent. It v/a$ sometimes only' a sligljt tme*:- 
cning of one side as cnrnp.arcd with the other. At 
other limes there was market! ttlcma »m'uaHy ratlwr 
rubbery' in con'htcnr.'. The swelling tended to 
subride In a few day'.*, llic gtd.u- rnator the 
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epidid)Tiiis was most frequently involved, extend- 
ing into the body and globus 'minor only infre- 
quently. The presence of palpable nodules in the 
epididymis and less frequently in the cord is noted 
in table 3, These were usually quite firm but 
occasionally were “blubbery” or cystic in con- 
sistency. In most instances the lesion subsided 
completel 3 ’’; in others there remained palpable 
thickening or nodularity of the epididymis or cord 
or both. 

The testicle itself was less frequently swollen, 
in 25 cases only. Occasionally all intrascrotal 
structures were swollen and indurated and it was 
impossible to differentiate them. Edema and ery- 
thema of the scrotal skin was observed 34 times 
and usually subsided very quickly. In one case 
the scrotal inflammation extended upwards as a 

TABLE 3 


Genital Lymphangitis 



1 

NO. ' 

% 

History of scrotal swelling 

9 


Cases observed 

183 




Total no. of cases 

192 

71.6 


Lesions found in cases observed: 
Epididymitis 

171 

93.4 

Funiculitis 

124 

67.7 

Scrotal inflammation 

34 

18.5 

Orchitis 

25 

13.7 

Hydrocele 

10 

5.5 

Bilateral lesions 

19 

10.4 

Nodular lesions 

21 

11.5 



streak of lymphangitis ending at the umbilicus. 
Ten small hydroceles were encountered, none of 
which required therapeutic aspiration, and all sub- 
sided before discharge from the hospital. 

Pain and tenderness of the genital lesions were 
more marked than in the lymphangitis of the ex- 
tremities and were at times exquisite. One not 
uncommon feature was tenderness over the in- 
guinal canal in association with swelling of the 
spermatic cord below the external inguinal ring. 
There were a few instances of edema over the 
inguinal canal extending up to the internal ring. 
The discomfort was aggravated by walking or 
jarring as would seem inevitable. Genital lesions 
occurred bilaterally in 19 cases. These findings 
correspond closely with the early lesions reported 
by Knott (13) and Ferrer (10), 


Lymphadenopafhy 

Table 4 lists the various areas of the body in 
which enlargement of lymph nodes was observed. 
This enlargement was determined by clinical ex- 
amination done in the main by three observers. 
It was found difficult to be positive as to the 
presence or absence of enlargement when the devia- 
tion from the normal was minimal. This was 
particularly true in the inguinal region where so 
many individuals have readily palpable small 
nodes. It was easiest in the epitrochlear region 
where normally the nodes are barely palpable, if 
at all. Many records of the patients state that 

TABLE 4 


Lymph Node Enlargement 



NO. X 
FOUND 

% 

Epitrochlear region 

143 

53.3 

Bilateral. 

61 


Unilateral 

82 


Axillary region 

97 

36.2 

Bilateral ! 

47 


Unilateral 

50 


Inguinal region 

95 

35.4 

Bilateral 

61 


Unilateral 

34 


Femoral region 

105 

39.2 

Bilateral 

68 


Unilateral 

37 


Cervical region 

1 


Supraclavicular region 

2 


Total no. cases with some degree of 



lymph node enlargement 

228 

85.1 


the femoral and inguinal nodes ^^are palpable.” 
These were not counted as enlarged in the final 
tabulation. The frequency with which the ade- 
nopathy was bilateral in the inguinal and femoral 
regions as contrasted to the infrequency of lym- 
phangitis in the legs would suggest a general 
l 3 nnphatic h 3 q)erplasia as being a part of the 
pathology of filarial infection. In 4 cases lymph 
node enlargement was the only manifestation of 
the disease either by history or observation in the 
hospital. In many more, we observed only lymph 
node enlargement but there was a history of lym- 
phangitis or genital swelling before admission. 



290 


BOYD G. KING 


In the axillary region the node enlargement was 
usually not more tlian moderate, with an occasional 
very large node (3x3 cm.). Inguinal and femoral 
node enlargement was more often bilateral and 
tended to be moderate or less. When it was 
marked, tenderness was also present but subsided 
quickly. The most striking l3^mphadcnopathy was 
in the epitrochlear region where 143 (53,3%) cases 
had enlarged glands. This is in agreement with 
the findings of others (2) in natives in the Pacific 
Islands, The nodes were always quite firm, usu- 
ally single but some in clusters. They tended to 
form a chain beginning in the ordinary epitrochlear 
situation and extending up the medial surface of 
the arm, at times half the distance to the axilla. 
Isolated nodes in the mid-humeral region along 
the course of the brachial vein and in the ante- 
cubital fossa were found occasional. The en- 
largement at times reached the size of a walnut 
but was ordinarily’' smaller. The first node to be 
removed for biopsy’' was in the antecubital space 
and proved to contain adult filariae. Rarely cer- 
vical and supraclavicular node enlargement was 
found. 

The enlargement of all nodes tended to persist 
and in the few cases obsen’'ed for a second time 
in the hospital the adenopathy was found to be 
unchanged or more extensive. No cases of so- 
called “varicose” glands were obser\’'ed. Ectopic 
nodules were found in various parts of the VTist, 
forearm and arm, but these were probably not true 
nodes since they were usually the result of previous 
lymphangitis and tended to decrease slowly in size. 

LABORATORY BINDINGS 

Table 5 enumerates the laboratoty data obtained 
on these patients. The white blood cell count was 
within the normal range (5,000-10,000 per cmm.) 
in two thirds of the cases, but was significantly 
elevated in nearly a third. This elevation was 
usually present without fever, and often tended to 
persist for several days and occasionally’' for a few 
weeks. There were also many instances of normal 
counts when fever was present. 

The eosinophiles were elevated in approximately 
two thirds of the patients. They were invariably 
mature cells. There was no consistency in the 
relative numbers of lymphocytes and polymiorpho- 
nuclear leucocytes, either of which were at times 
moderately increased or reduced. The figures 
given in table 5 represent a composite picture of 
the average eosinophilia in each patient, of whom 


the majority had only one white blood cell count 
and differential estimation done. The eosinophiles 
are tabulated in absolute numbers as well as in 
percentages of the total count. The normal is 
considered to be 0-4% of 5,000-10,000 white blood 
cells (0-400 eosinophiles). It is shown that those 
patients with intestinal parasites tended to have 
slightly more eosinophiles than those without 
There were several instances of 3,000 or more 
eosinophiles per cmm. (with or without intestinal 
parasites). The highest recorded was 17,419 eo- 
sinophiles per cmm. in a patient who in addition 
to lymphangitis bad a chest film resembling early 
silicosis. 

The stools were examined by the zinc sulfate 
floatation method. Most of the patients had a 
single examination on admission, but 67 bad mul- 
tiple examinations with negative results. As is 
sho\\Ti in table 5, 66 (25%) had some variety of 
intestinal parasite, hookworm and whipworm pre- 
dominating. 

Search for Mtcroflarh 

The results in this study are simply stated: 
None were found, even after diligent search. All 
patients were examined either by' the staining of a 
thick blood smear, or by’' search of the formalinized 
sediment of 1 cc. of blood by Knott’s method (14). 
At least half the series was exammed by’’ both 
methods. In the beginning various techniques 
were used: Taking 1~10 cc. of blood with 10% 
saponin solution or 2% acetic add solution and 
examining the centrifuged sediment before and 
after staining, and examination of fresh prepara- 
tions under a cover slip or as a hanging drop. 
Blood from seven typical cases, two of them with 
biopsies shoeing adult female filariae in lymphatic 
tissue was drawn at four different hours of the 
day’’ and night on four different days. A total of 
over 60 examinations was done on these seven 
patients with negative results. Thick blood smear 
stained with metliylene blue and eosin was used 
routinely*' at first, but Knott’s method was used 
in the last 100 cases. Search was made at various 
times of the day% and in the first 150 cases was 
done twice on each patient, at noon and midnight. 
More recently' a single examination in the early' 
evening has been routine, since the Pacific variety 
of rP. bancrofti is knowm to have non-periodic 
microfilariae (16). 

In addition to the search on the patients, 46 men 
from the battalion most heavily' infected, and who 
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had positive intradermal reactions (see below) were 
examined by Knott’s ^method and by the . thick 
smear technique with negative results. Ninety- 
eight men of a small unit who had spent 6-11 
months on one island, 30 of them for five months 
on the second island, were examined by Knott’s 
method with negative results. To summarize, in 


Miscellaneous Findings 

Urinalysis, both chemical and microscopic, was 
done on each patient. Those exhibiting p 5 mria 
were searched for lower urinary and genital tract 
infection by competent urologists. The Kahn re- 
action was done in 26 instances all of which were 


TABLES 


Laboratory Findings 


White blood cell counts: 

5000 or less 

% 

7 (2.3) . 

209 (67.8) 

83 (26.9) 

9 (3.0) 

5000-10000. 

10000-15000 

15000 or over. ' 

Total done on 268 cases ' 

308 (100.0%) 


% OF WBC COUNT 

TOTAL PER CMM. 

Eosinophiles (based on individual averages of 266 cases) : 



Average for entire group 

8.5 

847 . 

Average for 65 with intest, parasites 

10.3 

1029 

Average for 201 without in test, parasites 

8.0 

.793 


NO. CASES 

RANGE 

Range of eosinoplulia: 

% 


A. Total per cmm. 



Normal 

95 (35.7) 

.0-400 

Moderate elevation 

105 (39.5) 

400-1000 

Marked elevation 

66 (24.8) 

1000 

B. Percentage of total WBC count 



Normal 

93 (35.0) 

(M% 

Moderate elevation 

150 (56.4) 

5-19% 

Marked elevation 

23 (8.6) 

20-69% 

Intestinal parasites (264 cases studied) : 

I 


Hookworm (A'', americanus 

37 

Whipworm {T. irichinra) ' 

19 

Hookworm and whipworm 

5 

Dwarf tapeworm {H. na7ia) 

2 

A. lumbricoidcs 

1 

WTiipworm and A . hnnhricoides 

1 

Pinworm (jE. verniicularis) 

, 1 ■ 

Total 

66 (25%) 


addition to the 268 cases in this series, 154 men 
who had lived in an endemic area for from four to 
eleven months were found not to have microfilariae 
in the blood. The sea’rdi was made from nine to 
sixteen months after the men had arrived in the 
endemic areas. This is a recorded total of 422 
individuals, which added to numerous examina- 
tions on unrecorded cases, would approach 500. 


negative. Sedimentation rate was normal in 6 and 
slightly elevated in 2. The heterophile antibody 
reaction was within normal limits in the only 4 
examinations done. Two examinations of aspi- 
rated h 3 '’drocele fluid failed to reveal microfilariae, 
although one contained many eosinophiles. In 9 
selected cases with definite Ijnnphangitis or ade- 
nopathy in the epitrochlear region, soft tissue 
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X-ray films showed no calcification. In 5 cases 
of epidid 3 '’mitis and funiculitis, X-rays of the scro- 
tum also failed to show calcific deposit, 

DUGNOSIS 

The positive diagnosis of filarial infection can be 
made by three metliods: The finding of adult or 
larv’^al filariae in tissue obtained at biops}'’ or post- 
mortem examination, the finding of microfilariae 
in the blood, or the finding of calcified worms by 
X-ray technique (11, 21), As has been stated no 
microfilariae in the blood or calcified worms on the 
X-ray films were found. The biopsy material is 
reported by Wartman (26). 

Wc believe the diagnosis can be established 
clinically with very little doubt. The history of 
prolonged stay in an endemic area; the finding of 
lymphangitis of extremity, trunk or genitalia com- 
ing on after an inter\^al of at least three months; 
combined with adenopathy, eosinophilia and a 
positive intrademial reaction completes the char- 
acteristic picture of early filariasis. The diagnosis 
has not been absolutely proven in all of our cases, 
but no other cause for the syndromes presented 
could be adequately supported. 

The l3nnphangiti5 of trunk or extremity did not 
conform \rith the clinical findings of bacterial 
infection. The many instances witliout fever or 
leucoc}dosis, the infrequencj’^ of malaise, the cen- 
trifugal spread of many of the lesions, the absence 
of suppuration and the sterile cultures of biopsy 
material (26) oppose bacterial infection as the 
cause. This corresponds with O’Connor’s conclu- 
sions (19) and the prevailing opinion at present. 
However, the confusion of this lesion with throm- 
bophlebitis is not uncommon. The streak of ery- 
thema with underlying cord-like induration over 
the distribution of a vein may almost perfectly 
simulate venous inflammation. In at least two of 
our cases, thrombophlebitis of the brachial vein 
was the initial diagnosis, but the patients later re- 
turned with characteristic lymphangitis of filariasis. 

Syphilis, tuberculosis, Hodgkin’s disease and all 
other causes for lymphadenopathy must be ruled 
out. Nothing suggesting other causes was found 
in this group. The predominance of involvement 
of the epitrochlear nodes and the percentage inci- 
dence of each group of nodes involved compares 
closeb^^ with Buxton’s obser\^ations on natives in 
the Pacific Islands (2). 

The difierential diagnosis of the genital lesions 
can be difficult. Ferrer believes tliat filariasis can 


be diagnosed on clinical grounds without micro- 
filariae in the superficial circulation (10). Knott’s 
findings in early filariasis correspond closely with 
our own (13), Non-gonorrheal epidid^^mitis sec- 
ondar)** to lower urinary tract infection was elimi- 
nated by examination of the prostate and seminal 
vesicles in all cases with a histor}'' of urethral dis- 
charge or with pyuria. Gonorrheal epidid 3 Tiiitis 
was eliminated by careful examination by the 
urological serxnce when it seemed indicated. The 
filarial lesion is in contrast to the very hard, 
diffuse, exquisitely tender swelling seen secondary" 
to gonorrheal infection. Tuberculous epididymi- 
tis tends to be more insidious, progressive, and 
associated with prostatic infection, ‘‘beading” of 
the vas deferens and not infrequent suppuration. 
Concomitant l 3 Tiiphadenopathy or lymphangitis of 
an extremity aids in the diagnosis. Early filarial 
h 3 ^drocele in the absence of other findings ma 3 ’’ be 
impossible to distinguish from other inflammatory" 
h 3 "drocelcs. 

Filariasis of the spermatic cord has been mis- 
taken for hernia (10), This error was made b 3 " us 
in one instance. Operation revealed a mass of 
inflammatory tissue in the right inguinal canal and 
no hernial sac. Biopsy of this tissue proved it to 
be of a chronic granulomatous nature, suggestive 
of filariasis. Two weeks after operation the right 
spermatic cord and epididymis became swollen 
and a week later the left spermatic cord was simi- 
larly involved and seemed t3q3ically filarial. 

Pain in the lower abdomen can be confusing and 
usually precedes an 3 " demonstrable lesion. In one 
case, three da 3 "s following the removal of a normal 
appendix for what had seemed to be at 3 "pical 
appendicitis, the right spermatic cord and epidid 3 "- 
mis were acutely swollen and epitrochlear adenop- 
athy was observed. No cause other than filariasis 
could be found. We have not had opportunit>" to 
observe retroperitoneal bmiphatic involvement, 
but it is said to occur and produce fever and 
abdominal pain (17). 

Intradcrmal Reactions 

The intradcrmal reaction as original^ described 
by Taliaferro and Hoffman (25) and b 3 " Fairle 3 " (9) 
was used as an aid in diagnosis. The antigen was 
prepared as described b}" Fairle 3 '. Specimens of 
the dog heart worm, Dirojilaria imviilis, were dried 
and ground to a powder in a mortar. At first it 
was difficult to obtain consistent reactions, there- 
fore two antigens, differing onh' slightly in the 
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itcchnique of preparation vrerc used on tlic patients. 
Had the difference in technique been discovered 
earlier only the antigen described below would 
have been used routinely: 

Antigen The powdered Dirofilaria was 

weighed and enough physiologic saline solution 
added to make a 0.1% solution. This was incu- 
bated at 37°C. for two hours with frequent shaking, 
filtered through paper, then through a Seitz hlter 
for sterility and placed in rubber-capped vials. 
This was the weaker antigen. 

Antigen The powdered Dirofilaria was 

weighed and enough physiologic saline solution 
added to make a 1% solution. This was incubated 
at 37®C. for two hours with frequent shaking, 
filtered through paper, then through a Seitz filter 
for sterility, and placed in rubber-capped vials. 
Before use this was diluted to 0.1% strength with 
more physiologic saline solution. This was the 
stronger antigen. 

It is seen that the only difference in the two is 
the strength of the solution during extraction, “A” 
being 0.1% and ‘‘B*^ being 1% while incubating 
with the Dirofilaria powder. “B^* was later diluted 
to 0.1% before use, so that the resultant strength 
of the two solutions should be equal. In fact they 
each contained 4 mgm. per 100 cc. of nitrogen, but 
the “B^* antigen produced the more marked intra- 
dcrmal reactions. The latter also produced de- 
layed reactions, whereas “A*^ antigen did not 

The skin test was done by injecting 0.1 cc. intra- 
dcnnally on the volar surface of the forearm. 
Control injection of 0.1 cc. of ph>'siologic saline 
solution on the other arm was done in about the 
first 300 tests, but was then abandoned because 
none liad produced a reaction comparable to a 
positive test with the antigen. Two tj’pcs of 
reaction were obscr\"ed, an immediate and a de- 
layed. I'hc imvicdiatc reaction was obscr\*cd in 
S-10 minutes and consisted of cry’thcma, wheal 
and pscudopodia formation. Eiythcma alone was 
counted as 1 plus; wheal formation in addition 
counted as 2 plus; pscudoj>odia emanating from 
the wheal counted as 3 plus; and cr>*thcma greater 
than 5 cm. in diameter combined witli wheal and 
pscudopodia was dcsipialwl 4 plus. The ddayed 
reaction was observed In 24 hours, although it may 
bc^in early four hours after tlic injection. 
It convisls i f cr>‘lhcma and subcutaneous cdcnui. 
often r.'*<oci.atcii wit]\ pruritus and mild aching. 
The tiicm.a lund a rubbcr>* consbtcnc\- and did net 
pit on prefsiirc. llurc was only mild tenderness. 
Tl‘.i< t'.pe of reaction rescmblc'd cla^'cly the acute 


b’mphangitis seen in many of our patients, i.c., tlie 
diffuse variety without streaks or subcutaneous 
cords. An occasional patient reacted with edema 
of the entire arm and hand r<^embling acute cellu- 
litis, which took from 3-7 daj's to subside com- 
pletely. However, there were never any consti- 
tutional s>miptoms or fever. Interpretation of the 
delayed reactions was as follows; Er>lhcma greater 
than 1.5 cm. in diameter counted as 1 plus; mild 
or moderate subcutaneous edema in addition 
counted as 2 plus; marked subcutaneous edema 
counted as 3 plus; and er^lhcma with a diameter 
of more than 5 cm. combined with subcutaneous 
edema was designated as 4 plus. 

The results of the intradcrmal reactions arc 
given in table 6. No reaction was counted as 
positive in the final tabulation unless it was 2 plus 
or greater, considering either the immediate or the 
delayed reaction. It will be readily seen that *‘B^' 
antigen gave the highest percentage of positive 
results in the patients, 90.8% as compared with 
67.6% wdth “A*^ antigen. Further, the delayed 
reaction often seen with intradcrmal tests in para- 
sitic infections (5) was produced only by the *‘B’’ 
antigen. This is a vcr>^ significant difference in 
results with so little difference in technique of 
preparation, but it has been repeated with the same 
results on three different occasions. 

The controls were done on individuals who had 
never spent time in the tropics. No one was used 
^Yho had been in any of the Pacific Islands. Many 
of them had homes in tlic southern U. S. A. Some 
had spent vacations in the West Indies or Central 
America, but othcnrisc had not been known to be 
exposed to filarial infection. The number of con- 
trols used is comparable to the number of patients 
tested. 

"*A” antigen produced 97.4% negative results 
in the controls. “B’' antigen produced 89.5% 
negative tests. A small group of controls were 
tested with a 0.5%,. antigen prepared exactly as the 
*‘B’^ solution, except that the final dilution was 
from 1% to 0.5% instead of to 0.1%. Out of 39 
controls there were 28.2% positive results, with 
18%. delayed reactions. Thb^ indicatc<i loo great 
a number of false positive reactions and the 0.5% 
solution was abandon e<l for routine testing. Fair- 
ley (9) found that 1% extract prcduccd severe 
delayed reactions and one case of aaitc anaphy- 
laxis and .abandcncti it in favor of 0.1% solution 
thereafter. It v.ruld seem Ukcly, therefore, that 
the stre-rger ihc rcacti-^n in p'aticnb? the more fals-c 
positive reactions prc^Juced, indicating ira-t a high 
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(>erccntaKc of individunls may be scn5iti\-c to the stance (0.6%) in the control scries using the “B" 
filarial protein if enough of it is introduced, but antigen, but in 69 instances (42.1%) in the clinical 

TABLE 6 

Ift!radcrv:al Kecctiofis 



KO, CASES 

»c 

"A** Anfigen; 



Positive {2 plus or greater) 

7'? 


Negative (1 plus or less) 

35 

0/ .0 

32.4 

Totals (No delayed reactions with ‘‘A” antigen) 

m 

100.0 

“B” Antigen: 



I. Positive (2 plus or greater) 


90. S 

Negative (1 plus or less) 


9.2 

Totals (This includes pos. immediate or delayed reactions or both) 

164 

100.0 

IL Combinations of reactions: 



Pos. immediate, pos. delayed 

65 

59.6 

Pos. immediate, neg, delayed. 

80 

48.8 

Ncg. immediate, pos. dclavcd 

4 

2.4 

Neg. immediate, neg. delayed 

15 

9.2 

CO.MPAR1SOK OF '‘A’’ and "B” ANTIGENS (41 case* tasted with each); 


**^f. 

Positive (immediate reaction) 

25 

36 

Negative (immediate reaction) 

16 

5 

Positive (delayed reaction) 

0 

7 

COXTROLS (Individuals unexposed to filariasis); 

KO. CAKES 

' 

Antigen 



Positive (2 plus or greater) 

3 

2.6 

Negative (1 plus or less) 

111 

97.4 

Positive delayed reactions 

0 

0 

Totals 

114 

100.0 

Antigen 



Positive (2 plus or greater) 

IS 

10.5 

Negative (1 plus or less) 

153 

89.5 

Totals 

171 

100.0 

Delayed reaction positive 

1 

0.6 

0.5% Antigen (5 times strength of antigen) 



Positive (2 plus or greater) 

11 

28.2 

Negative (1 plus or less) 

28 

71.8 

Totals 

39 

100.0 

Delayed reaction positive 

7 

18.0 


that patients vnth clinical filariasis will react to eases of filariasis. This seems to us to probably 
mucli smaller doses. be even more significant tlian the immediate wheal 

The delayed reaction was present in only 1 in- formation as indicative of filarial infestation. 
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However, only four times did it occur without a 
preceding |> 05 itivc immediate reaction, suggesting 
that the latter is the more sensitive indicator. 

In contrast to the controls vrho liad not been 
cxposcfl to filariasis, 24] troops wlio had spent 
some months in Samoa and Wallis Island wxrc 
tcstc<i. At the time they were tested only the 
’antigen v/as availaljlc. None of them had had 
clinical symptoms hut some Inter developed clini- 
cal filariasis. Of this group lOS (44,89?) reacted 
positively to the antigen and no dclayccl reactions 
were seen. The incidence would probably have 
been higher if the antigen had been uscai. 
^'hese results suggest a high incidence of subclinical 
infection. 

The possibility of other round worm infestations 
producing a cross-sensitivity has never been thor- 
oughly investigated. We have been unable to 
clarify this problem entirely. It is well knov/n 
that group reactions occur with helminth antigens 
(5, 9, 25). It has been tliought that tlic D:rof:}<3rh 
antigen reaction is a group reaction com- 
mon to all filarial diseases (5, 9) and this has been 
found to be true in a small number of rq>ortcd 
invc^tgaitions (5,9,25). In Fairley V rqwrl indi- 
viduals with hookworm disease were non’-renctivc 
to the Dirofilana antigen (8). 

Using our stronger “B” antigen in 161 patients 
whore ^too!s were examined, there vtis no signifi- 
cant difTerrnre in tliosc with or without intestinal 
parasites. Forty-seven patients with j>o?ilivc 
sto^d** li.nd 95.69'^ postivc skin rcaclivons, and 114 
patients v/iih negative * tools h.arl 91.29? JK^sitjvc 
skin te t'?. On individual with intestinal para- 
fitov vl:o had never been in the raciHc Islands the 
skin reaction v.a*^ always negative, but the numl>cr 
nv.nila!dc w.ns small, appn»3timate!y 10. In 10^1 
patients with nc:;;n tive rtfv'ib, and attain U'ing the 
*ir’ antiiicn. the Ain tort was p^dtivc, indicating 
that tlic rcaetisn n^’t prkviurcxf tiy intet tmni 
wiirir.s prerrnt at the lime, *n\h i-i strong evi- 
dence that the psdtivc whh 

anlvrn arc n cau'-ed by ctlxr 
helminth*^* h*‘I t!:r in tM in^tarw Ints 

not \kvi\ er.tirrV elmainatch 


quiescent. 265 of the 26S patients vcrc cv.aruatr^i 
to the V, S. A. This wa< thought wF-c bfcri»:<e of 
the prevalent opinion that rq>ralcd reinfortion 
might pro(iucc the more serious maniic'-t.ati'sn't of 
filaria^^i^, and because of the ob^ervati >n< that 
residence in a temperate climate rcm.irka!‘ly re- 
duces the attacks of lymphangitis, v;hich may rca;r 
soon after ret uni to the tropics (22). 

Sulfonamide therapy has been rrp'^rted to hr 
cITcclivc in treatment of the acute h^nphangitis 
(1, 4, 7). However, microfilariae liave been nole^l 
to persist in the blood during treatment with 
sulfonamides (7, 12) so that it cannot be said to 
be specific in its action against ilie parasite. We 
used sulfathiazolc in full thcrajKrutic dares in three 
of our more severe eases with fever arifl there 
no apparent effect. Four patients <icvcIopcd anite 
lymiihangilis while receiving sulfathinrole nr sulfa- 
diaainc for the treatment of gonorrhea. In the 
early filarial lympliangiti’i we have given <n:r 
reasons for not thinking the inflamrnnti.Ki h bac- 
terial. These few therapeutic obrcn'ations would 
support this vierw. 

Maphnrsen was given to 21 patients an average 
of three dt>’^<‘s each, one week apart, the nr. t dox 
bring O.OI gm. and the remninin;: <!n-c^ gm. 
intravenously. It so ha[)penrcj that a f^atJent re- 
ceiving Mapharsen for fever dcvcl^^prd lyjdral 
lymjdiangiti^ fix hours after li:’^ UrX injfcti -n. 
Thi^ !«! us to give it in 20 more mdfvidua!" v.h.h 
clinical fi!,aria«^:s. In IT it lirol no jmrr.r-!:atc c:Trc!, 
In one CX'C there wa.<; cxarrrbati.-n o: qddrdyn’ili'- 
24 hours .after the injection, In thr rr‘-a;n:r;g 
two. acute !ymp!;a!nd?!‘" erccurrcd 6 and 24 h ::n 
after administration, 17:r ’'brnincance rf ihh I 
in iioubt. It couid l-c crdr.ri dental. < t il 
due to liic death ix irrltat: n ef the r/hdt fdar;:'-. 

rrophy!arlica!iy. ^ cr.*:*? .* y, rV.i' 

cu^ ideal prijCtdure, rrr;*'’'wj pr, n br 

pranlccd iwth •flay an ! n’alt ? r\a::*e « 5 the <;a»' 
tirer Inline habit'* cf tlie r ’a "rrs. j J?'*" 

\’cc\ ( T in t h e ! V. r : n c Id a r.a* : *'/ t - S 
Hcbrldc- group CK?. 
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served. Many of the genital cases had some thick- 
ening or nodularity of the spermatic cord or 
epidid>Tnis when last seen, but none of the lesions 
was very marked and they ail tended to regress 
continuously. Since the common genital lesion is 
in reality a lymphangitis, it would seem unlikely 
that obstruction of the vas deferens would occur 
unless there were repeated attacks with resultant 
severe fibrosis. Other work has indicated this to 
be true (13, 18). 

DISCUSSION 

Of the many clinical manifestations of filariasis 
described extensively in the literature, we have 
seen only the earliest lesions. That these findings 
are due to infection with Wnchcreria bancrojti is 
supported both by direct and indirect evidence. 
The direct evidence is contained in the paper by 
Wartman (26) on the pathology of the lesions 
which is based on the biopsies taken from seven- 
teen of these patients. As is seen in his paper, the 
adult worms or an infiammatory reaction which is 
characteristic of their presence was found in nearly 
all of the biopsies. That the filariae do produce 
the pathological changes and clinical findings has 
been ably demonstrated by 0*Connor (19, 20) and 
others and is supported by Wartman’s findings. 

All of the patients had opportunity to contract 
filariasis by living in knoum endemic areas. All 
but five of them had lived in Samoa or Wallis 
Island four months or longer. These five had been 
exposed only from two to three months. In addi- 
tion, the men were living in close proximity to 
natives who are known to be reservoirs of the 
microfilariae. Our figures suggest a higher inci- 
dence of the disease on the second island men- 
tioned before. However, variations of local con- 
ditions from island to island are unkno\\m to us. 
Such factors as housing, proximity of native vil- 
lages and mosquito-control measures must be 
evaluated by those on the spot. It is further 
pertinent that no patients having symptoms sug- 
gesting filariasis have yet been seen in this hospital 
who have not spent time in islands mentioned. 

The clinical findings do not fit any other known 
disease except filarial Ijmiphangitis and lymphad- 
enitis, Our reasons for not thinking them to be 
caused by bacteria have already been given. In 
particular the centrifugal progress of the lymphan- 
gitis is not the rule in bacterial infection. The 
type of involvement of the genitalia seems char- 
acteristic. The very frequent involvement of the 


spermatic cord, the less frequent inflammation of 
the scrotal skin and the absence of lower urinary 
tract infection are unlike other disease. 

The frequenc}^ (53.3%) with which enlargement 
of the nodes in one or both epitrochlear regions 
was found indicate that this sign might be useful 
in a surve}'' of troops who had liv^ed for some months 
in an endemic area. Buxton found it to be a use- 
ful sign in his work in the Pacific and found it to 
be the physical sign most closely correlated with 
the presence of microfilariae in the blood (2). It 
has been stated by some (2, 6) that the Ijnnphad- 
enitis precedes the lymphangitis, but this has not 
always been true in our experience. 85.1% of the 
patients had some degree of palpable lymph node 
enlargement, but the remainder had only lymphan- 
gitis of extremity or genitalia. There were 20 
cases who had a histor>" of or were observed by us 
to have lymphangitis of an extremity in whom no 
adenopathy was found. 

The rarity of severe constitutional symptoms 
deserves further emphasis. Fever was not the 
rule and most often quite mild. Malaise was 
rarely more than minimal and usualty not present 
at all. Well-established cases in natives more fre- 
quently exhibit severe prostration and fever at the 
onset of the lymphangitis (22), The tendency 
toward recurrence of the symptoms over a period 
of months is again stressed. 

The absence of microfilariae in the peripheral 
blood of this group deserves further comment. 
Lane (15) states that the earliest age at which 
microfilariae were found in the natives of the 
Pacific Islands was four years, and in other parts 
'of the world fourteen months. This would sug- 
gest that there is a long period after infection 
before the larvae are produced or can reach the 
blood stream. The length of this period is un- 
kno\vn. If patients and troops from endemic 
areas could be observed for a long period of time 
some light might be th^o^vn on this problem. 
Also the question of correlation of the presence of 
microfilariae in the blood with clinical symptoms 
of the disease, and the larger problem of the nat- 
ural history of the disease after relatively short 
periods of exposure would be clarified. 

The intradermal reactions impress us as being 
corroborative evidence of past or present infection 
with W. hancrojli. Care must always be taken in 
using controls along with the testing of the pa- 
tients. There has been some difficulty in getting 
all lots of antigen to react uniformly, and all lots 
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used in this study were theciked against “non- 
infecled individuals to eliminate unusual numbers 
of false positive reactions. R.efinements in tech- 
nique of preparation and purification of the anti- 
genic principle of D, immiiis await further work. 
Recently it has been found that to refilter our best 
(“JB”) antigen through a Seitz filter will remove 
some of its antigenic properties. This probably 
means that it is not a true solution and that per- 
haps part of the antigenic fraction- is held in 
suspension in the saline solution. Ideally antigen 
prepared from either adult or larval forms of the 
homologous parasite should be used, but the adult 
form is most difficult to obtain because of its small 
size, and we have not had access to any reservoir 
of microfilariae. We did not make the diagnosis 
of fiiariasis on the basis of the skin test alone in 
any instance, and believe that it should be sup- 
ported by clinical evidence. The test might be 
useful in a survey of a large number of individuals 
who have lived in an endemic area. Thus an 
approximation of the incidence of filarial infection 
coiild be obtained. 

SUMMARY 

1. 268 cases of early fiiariasis are presented. 

2. The infection was contracted in three Pacific 
islands. No patients were seen that had not been 
in these areas. 

3. 263: (98%) of the patients had been in the 
endemic areas four months or longer. 

4. The observed incubation period varied from 
eight to sixteen months when the period of obser- 
vation ended, with history of attacks as early as 
three months. 

5. The mode of onset and clinical findings are 
described in detail. The tendency toward recur- 
rences, the lack of severe constitutional reactions, 
the characteristic lymphangitis of extremity or 
genitalia and the adenopathy particularly in the 
epitrochlear region are stressed. 

6. The intradermal reaction with Dirofilaria 
im 7 nitis antigen was positive in 90.8% of patients 
and 10.5% of a comparable number of control 
individuals. 

7. Elevation of the total number of eosihophiles 
in the blood was present in 64.3% of the cases. 

. 8. It is suggested that enlargement of the epi- 
trochlear nodes and the intradermal reaction might 
be used as surv^ey methods in approximating the 
incidence of filarial infestation in personnel residing 
in endemic areas. 


NM.: We have been aware that work on tins problem 
has been going on for some time in the localities affected 
and have had access to unpublished information 
gathered by R. W. Huntington, Jr. Since this paper 
has been written a preliminary report on fiiariasis in 
U. S. troops in the same region has been published by 
Dickson, Huntington and Eichold (U. S. Naval Med. 
Bull., 41: 124U-1251, Sept, 1943). Their findings, 
experiences with the skin test and conclusions closely 
correspond with our own. Their further work on the 
spot 'where the disease is endemic "will be awaited with 
interest. 
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This report covers material removed at biopsy 
from soldiers with hlariasis. The place of expo- 
sure to infection, the time spent in the endemic 
area, and the time of appearance of symptoms 
after rcmo\xil to a non-endemic region are all well 
established. 

MATERIAL 

This included 20 hmiph nodes, and 4 cord-like 
structures from the lesions of acute lymphangitis, 
removed at biopsy from 17 soldiers, 18 to 26 years 
of age. They had not been exposed to filariasis 
prior to a 4 months residence in a certain island 
of the Southwest Pacific. One man (No. 771) had 
spent the entire time in Island No. 3.- The others 
were on Island No. 1 for 1 month, Island No. 2 for 
2 J months and on Island No. 3 for 2 weeks. They 
were then in the Solomon Islands for 5 months 
before evacuation to a temperate region where 
fUariasis docs not occur. Filariasis and elephan- 
tiasis arc infrequent in the Solomons and no eases 
of filariasis were obsm'cd in the many patients 
transferred to this hospital who had been stationed 
only there. However, the disease is highly en- 
demic in Uic other islands numbered above. The 
men lived in primitive conditions on Island No. 2, 
but on Island No. 3 llicy lived on shipboard except 
for a few da\*s shore leave. It is thus highly prob- 
able that most of the infections occurred on Island 
No, 2 and in 1 instance on Island No. 3. 

Manifestations of the disease began 3 to 13 
months after what appears to have been the first 
exposure. These vrcrc principally cpidid>Taili?, 
retrograde l>nnphangili5 of the upper arms, to- 
gether with enlargement of the cpitrodilcar, axil- 
!ar\' and inguinal lymph no<lcs. I-asling a few 
days, these signs reapjKraml at irregular snlcr\-als 
of a few da\"s, several weeks cr even months. 

’ Lt. Col., Medical Corps, Army of the Vniiwl 
States. On leave of absence from the Institute of 
Wertern Rererxe Uni^TTfity ar.d the Cm- 
verity ClcveUrd, Ohio. 

* Vi>r of *<rcurity, the cl the tOmds 

are not fhr:;. Ttie numlKTs ci^rrrt^v^r.i 

in the by Pr, l>r»\d King {*ih 


Upon discharge from tins hospital for return to the 
United States, the men were in good health except 
for attacks of l>'mphangitis and epididymitis. 
None had developed elephantiasis, but they vnll be 
followed elsewhere. 

XtETHODS 

Miaofilariac were not found in thick or tliin 
blood films nor by KnotCs concentration method 
(5), in spite of examination at frequent intcr\'al5 
throughout the 24 hours of the day. "Medical 
officers in the islands had had the same experience 
with these patients even though microfilariae were 
easily demonstrated in the blood of the natives of 
the same region.* 

Blood counts from 13 patients showed 500 or 
more eosinophils per cmm., but 5 of these had 
concurrent helminthic infections. The Kahn test 
was negative in all patients. 

Intradcrmal tests ^^^th 0.1 cc, of a 0.1% saline 
extract of Diroftlaria mmltiSf according to the 
technique of Fairley (2), were positive in all but 
1 patient (No. 633), In the controls, only 10% 
were positive. The important clinical and labora- 
tory obscr\"ation5 arc described by Ring (4) and 
arc summarized in table I. 

The specimens consisted of 8 cpi trochlear, 6 axil- 
lary, and 6 inguinal ]>Tnph nodes, as well as 3 cords 
from areas of acute lymphangitis in the cpitrocli- 
Icar region and I cord from a similar lesion in tlic 
axilla. Aerobic and anaerobic cultures from this 
material, using meat broth and blood agar streak 
and pour plates, incubated at 37^C. for 2 wccIl^, 
yicldcti no growth. Two IjTnph nodes w'crc di- 
gested with gastric juice, but no worms were 
rccovcrc<]. 

The tissues. rcmovc<l at d'uTcrcni times of the 
day, were jmmciliatcly Axed for from 15 to 24 
hours in either lO^J- neutral formv'^bsalbc or Zcr.ker- 
formol, embedded in paraffin and cat at 5 micra. 
Semi-serial sections were made In mst of the 

* Recently I,t. CVb G, G, PjacAO hr.i rre 

ihat hisve Ijf-cn ebjcrv'H In the of 

Kit.hrrs fap'sre.l to the tut free rf any vi 
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specimens, but in some, complete serial sections 
were cut. Rout inch' the sections were stained 
with Harris* hemato.xylin and aqueous cosin. 
When necessary tiic following were also used: 
Masson’s trichromc stain, VerhoefT’s clastica and 
van Gieson’s connective tissue stains, Mallory’s 
phosphotungstic acid hcmato.xylin stain, Foot’s 
silver stain, Goodpasture’s bacterial stain and 
Ziehl-Neelsen’s stain for acid fast bacteria. 

RESULTS 

The plan of presentation will be to discuss the 
morphology of the worms, the pathologic lesions 

encountered in the lymph nodes and vessels, and 
wherever possible the histogenesis. This descrip- 
tion is a composite of all the material, the details 
being shown in the photomicrographs and table 1. 

THE WORMS 

Tissue sections do not permit fully satisfactory 
identification of these parasites, but photomicro- 
graphs showing certain features arc included with 
this publication. According to the criteria of 
Yorke and Maplcstone (II) the worms in the 
hnnph nodes and vessels of these biopsies should 
be classified as phylum Ncmathelminthcs; class 
Nematoda; superfamily Filarioidca; famil}^ Filarii- 
dac; subfamily Filariinac; genus Wuchereria (figs. 
1 to 4). The worms are elongate-cylindrical in 
shape with a smooth, non-nucicated cuticula and 
a schizecele in which all the viscera arc suspended. 
They are filiform worms, the females being approxi- 
mately twice the size of the males and estimated 
to measure about 80 by 0.25 mm. Although 
tapering towards both ends, the terminations arc 
bluntly rounded. They possess a gut but arc 
without a proboscis; the mouth is short and lined 
with cuticula; the esophagus moderately long and 
muscular; and the midgut lined by a single layer 
of columnar cells. The posterior end, and the 
excretory and nervous systems could not be satis- 
factorily studied. With the exception of the vulva, 
the entire female genital system including the 
ovaries and double uterus, could be identified, 
whereas in the male worms only the testes could 
be recognized. The live female worms all contain 
large numbers of ensheathed microfilariae. Be- 
cause of the continuity of the genital tract, the 
development of the microfilariae from the germinal 
cells of the ovary to the more mature forms in the 
distal part of the uterus can readily be traced 
(figs. 3, 4). The presence of the ensheathed larvae 



Fig. 1 (Biopsy 415). Gravid, female, filarial worms in 
an cpitrochlcar lymph node. Note the multitude of in- 
trauterine microfilariae and the characteristic granu- 
lomatous tissue reaction around the worms. M.T.S. 
X 200.* 



Fig. 2 (Biopsy 415). Cross section through the 
mid-portion of filarial worm showing ‘‘A^’ the double 
uterus with ensheathed microfilariae, “B” the intestine, 
“C” the cuticula, two muscle cells, and the 
schizocele. H.&E. X 400. 

* The following abbreviations have been used 
throughout the legends in this paper: H.&E., Harris* 
hcmato.xylin and aqueous eosin; P.T.A.H., Mallory’s 
phosphotungstic acid hematoxylin; M.T.S., Masson’s 
trichrome stain; F.S.S., Foot’s silver stain; V.G.V.S., 
Van Gieson’s connective tissue and VerhoefT’s elastica 
stains. 
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identifies the worms in the superfamily Filarioidea. 
Since the onh^ other cnsheathed microfilaria which 



Fig. 3 (Biopsy 415). Tangential sec. ion through the 
upper portion of a female worm showing ovary with 
developing eggs. P.T.A.H. X 400. 



Fig. 4 (Biopsy 453). Immature larvae coiled with- 
in their sheaths in the mid- portion of the uterus. 
H.&E. X 400. 

is pathogenic for man, namely Loa loa, does not 
occur in the regions where these patients were 


exposed, it is safe to assume that they belong to 
the genus Wuchcreria. That they are JV, ban- 
crofii (nonperiodic form) is highly probable because 
that form is endemic in the 3 islands mentioned 
and is the species found in the blood of the infected 
natives of Island No. 2, The organisms were 
differentiated from Microfilaria malayi by the ab- 
sence of terminal nuclei and the extension of the 
nuclei to within a short distance of the head end. 

Determination of the number and sex distribu- 
tion of the worms in the tissues could not be exact, 
because even in serial sections the tangle of worms 
was too intricate for certain differentiation. In 



Fig. 5 (Biopsy 771). Small nodule (granuloma) 
around a degenerating worm in the cortex of a l\-mph 
node Concentric layers of collagenous tissue have 
been laid down with proliferation of macrophages and 
exudation of lymphocytes and eosinophils at the peri- 
phery. Numerous bundles of hyperplastic and hyper- 
chromatic fibroglial fibrils and collagenous fibers are 
present. P.T.A.H. X 200. 

general only a few worms were found, the largest 
number (in node 771) being approximately 6, 
This is in contrast to the large number reported 
by O’Connor and Hulsc (S). 

The encapsulation, degeneration and resorption 
of the worms are described below (fig. 5). In 
1 instance tlic worm was calcified (fig. 6). Only 
occasionally did rapid death of the worm occur, 
leaving a small focus of necrotic material and 
cellular debris. 

In these cases, microfilariae were not found in 
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the circulating blood, free in the tissue sections, 
nor in imprint smears from nearly all the specimens. 

illCROFILARlAE IN THE BLOOD OF NATIVES 
OF ISLAND NO. 2 

Six thin blood films from infected natives of this 
island, originally stained by Wright's stain, were 
decolorized and stained with Harris' hematoxylin. 
These were compared with type specimens from 
patients in Australia. Examination of all observ- 
able details indicates plainly that the parasites in 
the natives are characteristic of Microfilaria han- 
crofti. These were probably of the non-periodic 
form, since that form is endemic in these islands. 



Fig. 6 (Biopsy 453). Partial calcification of a filarial 
worm in a lymphatic cord from the upper arm. H.&E. 
X 200. 

Thus it is reasonable to assume that the patients, 
like the native islanders, were infected by Wnchc- 
rcria bancrofli, 

MACROSCOPIC APPEARANCE OF THE LYStPH 
NODES 

The lymph nodes were discrete, moderately en- 
larged and had thin intact capsules and firm, 
slightly bulging, moist, pinkish-gray cut surfaces. 
Occasionally filamentous fibrous adhesions had 
formed between the capsule and the surrounding 
fat. 

TISSUE REACTIONS IN THE LYilPH NODES 

For purposes of discussion the lymph nodes are 
divided into two groups, which will be described 


separately; those containing adult filarial worms, 
and those in which, although there were no worms, 
nevertheless noteworthy tissue changes had oc- 
curred. In three of the biopsies the worms were 
alive, as far as could be determined, at the time of 
operation, whereas in the other two they were 
obviously dead. However, the tissue reactions 
were essentially the same whether the worms were 
alive or dead, and no evidence was obtained to 
indicate that, as is often stated, only degenerating 
or dead worms cause reaction in the tissues. 

Three characteristic tissue reactions occur in 
lymph nodes in response to the presence of adult 
filarial worms: (I) granulomatous inflammation, 
(2) proliferation of the macrophage (rcticulo-endo- 
thelial) s\'stem, and (3) tissue eosinophilia. As a 
matter of. convenience these will be described 
sejiarately but all three reactions occur together, 
and although one of them may be more conspicu- 
ous in some nodes than in others, careful search 
will often show all three. Collectively they form 
a pathologic picture which characterizes filariasis. 

The terminology of Maximow and Bloom (6) 
for the cells of the macrophage or reticulo-endo- 
thelial system will be used throughout this paper. 

THE GRANULOMATOUS INFLAMMATION 

The granulomatous inflammation was found 
around the worms, in the l3miphatic sinuses and 
in the capsule. The worms lay in enormously 
dilated cortical or medullary sinuses, and were 
surrounded by a wide zone of macrophages and 
reticular cells at the margins of which there were 
variable numbers of eosinophils, lymphocytes and 
foreign-body type giant cells (fig. 1). Necrosis 
was slight and involved only the hyperplastic cells 
lying within the internal reticular lamina of the 
affected lymphatic (fig. 7). Small numbers of 
fibroblasts were present, but there was no collag- 
enous connective tissue, and the lesions were almost 
entirely avascular. An apparently significant fea- 
ture was proliferation of argentophilic reticulum 
which formed an extensive network of delicate 
interlacing fibrils with occasional coarse fibers 
(figs. 7, II). 

The granulomas in the sub-capsular lymph 
sinuses and the capsule were of the same general 
pattern as those about the worms, but there were 
some minor differences (fig. 8). Necrosis was not 
observed and there was usually a considerable 
amount of mature collagenous connective tissue 
resulting in great thickening of these structures. 
The inflammation extended a short distance into 
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Fig. 7 (Biopsy 415). Marked proliferation of reticu* 
lum in the granulomatous inflammation. The inner 
reticular lamina of the affected lymphatic vessel, indi- 
cated by arrows, shows extensive disruption. F.S.S. 
X 200. 






the adjacent fat tissue, but spread only a little 
way along the trabeculae, sparing the cortical 
follicles, the hilum and the efferent lymphatics. 
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Fig. 9. (Biopsy 462). Early lesion in the capsule 
of a lymph node showing exudation of eosinophiles 
around a small vein. H.&E. X 600. 
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Fig. 10 (Biopsy 415). Marked proliferation of macro- 
phage cells in the vicinity of a living adult female 
filarial worm. The worm lies above the zone of necro- 
Fig. S (Biopsy 460). Granulomatous inflammation sis. Af.T.S. X 600. 
in the sub-capsular Ivmph sinus with nodule forma- ^ . . 

tion, numerous giant cells, large numbers of eosino- Focal condensation and increase in size an nuni- 
philes, and mature collagenous connective tissue, her of fibroglial and collagenous fibrils was con- 
H.&E. X200. stant, both around the worms (fig. 5) and in 
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inflamed areas in the cortical lymph sinuses, and 
resulted in bundlcdikc collections of deeply stain- 
ing hyperplastic fibrils. 

An earh' stage of the lesions, consisting of peri- 
vascular exudation of eosinophils and lympho- 
cytes, was encountered in the capsule (fig. 9). 
This usually occurred about the veins or peri- 
vascular lymphatics and only’ later involved the 
adjacent artery. 

The changes in the cortical lymphatic noduito 
were variable. Frequently the nodules were in- 
creased in number and size and there were foci of 
rapidly proliferating lymphocytes, although in 



IiG. 1 1 (biopsy 415), Proliferation of argcntophilic 
rclicuhim almul an adult worm showing the silver 
staining fibrils arising from the cells. F.S.S. X G(K). 

some, and often in the same nodule, there were 
also reaction centers. Tlu‘se foci of lymifliocylo- 
poietic activity in the lymphatic nodules resulted 
in mechanical pushing aside of the surrounding 
reticular fibers so that the pattern varied. Each 
of the three tx^K'S of lymjfluilic tissue — difluse, 
loose and nodular — was prisent in variable amounts 
and transitions from one to the other were easily 
Ira cal. 

TiiK Kr.sro\sr. or tiu: MACKorHAor. (rktici'I.o- 
llSTXniir.T.IAl.) SYSTKM 

'Pitts otnsistal primarily of pntliferaiion of inac- 
nxphages and argcntophilic reliatlum. The hyjKT- 
plasia of m:icr\>pltagi*s was movi striking anv,itni 


the worms where the cells formed a wide encircling 
zone with their long axes parallel in palisade 
fashion (figs. 1, 10). The cells farthest from the 
worms were well preserved whereas those imme- 
diately adjacent to them were necrotic. In be- 
tween these two extremes the cells showed varx’ing 
degrees of cloudy swelling and fatty degeneration 
and nuclear irregularities. The individual cells 
were large with abundant, faintly stained cyto- 
plasm, which was frequently poorly defined and 
tended to blend with that of adjacent cells, and 
large round or oval nuclei having most of the 
chromatin condensed along the nuclear membrane. 
Small amounts of intercellular ground substance 
giving the staining reactions of collagen and a few 
fibrils were present. Some of the cells contained 
phagocytosed debris. 

The reticular hxperplasia was most marked in 
two places, namely about the worms, and in the 
sub -capsular IxTriph sinuses, and was best shown 
by silver methods. In the former situation the 
fibers usually ran at right angles to the circular 
reticular layer of the involved lymphatic vessel, 
forming an intricate meshwork by the advanced 
degree of branching (figs. 7, 11). Both coarse and 
fine fibers were present, and although the former 
were isolated, the latter were intimately related 
to the hyperplastic cells, and in most instances 
arose from them. 

In the sub-capsular lymphatic sinuses the tissue 
reaction was predominantly reticular. The reticu- 
lum formed an extremely dense network of inter- 
twined coarse and fine fibers without any particu- 
lar pattern, resulting in great thickening of the 
sinus and capsule. .*\ relation to collagenous con- 
nective tissue was indicated by the fact that the 
fibers stained equally well with both silver and 
fuchsin. 

A characteristic feature of the rcticulo-cndo- 
thclial hypertflasia was the presence of moderate 
numbers of foreign bcxly type giant cells, which 
were presumably formal largely by fusion of cells 
and to a lesser extent by nuclear division without 
cell division (fig. 1 2). The margins were in<ii>- 
tincl, often showing pscudojKHls, and the cyto- 
plasm was a!)un(fant and moderately acidophilic. 
Numerous nuclei were dislribule<l in the cell, but 
without any distinctive arrangement. Scattcral 
fragments of chromatin ami oilier debris were 
phagocylo>a!. At the edge of many the cclb 
there was a U'ca! increase aral condtn-ation of 
fibroglial fibriK. 
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TISSUE EOSLNOPHILIA 

This was demonstrated best in material fLved 
in formoLsaline and stained with hematox\din and 
eosin. Large numbers of eosinophils were present 
in the granulation tissue about the adult worms, 
and in the sub-capsular sinuses and lymphatic 
cords, and there were small numbers in the lym- 
phatic nodules and the hilum. Imprint smears of 
the fresh material alwa^^s showed many eosinophils. 
Occasionally focal collections of them formed small 
eosinophilic “abscesses^^ in the tissues giving rise 
to a characteristic lesion. 



Fig. 12 (Biopsy 512). Typical giant cell c.xhi biting 
phagocytosis and the surrounding reticulum. F.S.S. 
X 200.' 

The majority of the eosinophils were polymor- 
phonuclear with a scattering of mononuclear forms. 
However, in the connective tissue of the capsule, 
and the adjacent fat, there were appreciable num- 
bers of .spindle-shaped cells with vaguely defined 
cytoplasm packed with large, strongly eosinophilic 
granules. Deeply stained, elongated nuclei with 
blunt ends were .situated near one j>olc. Such cells 
evidently arose from the fixed tissues in the neigh- 
borhood, and their presence indicates that some 
of the eosinophils were of histocytic rather than 
hcmocytic origin. 

Ly.MiTi soDEs IS wmai so wok^j.s werk found 

In most of the specimens no worms were demon- 
strated. Often, however, these nodes were en- 


larged and showed microscopic lesions, chie% in 
the cortical sinuses and the capsule, similar to those 
in the worm-infested nodes, including granuloma- 
tous inflammation, great reticulo-endothelial hy- 
perplasia and tissue eosinophiiia. The lymph 
nodules were markedly hyperplastic and the pat- 
tern of reticulum was altered. Occasionally the 
infiltration of eosinophils was even more conspicu- 
ous than in nodes containing worms. The question 
naturally arises as to whether these alterations in 
nodes not containing worms are suflkiently char- 
acteristic to justif 3 ’ a positive diagnosis of filariasis. 
Such changes are rareh% if at all, encountered in 
regions where filariasis docs not occur. When 
fully developed, the lesion gives strong presumptive 
evidence and, when correlated with satisfactori’ 
clinical manifestations, can be looked upon as con- 
firming the clinical diagnosis. It is to be noted 
that they were not present in two of the specimens 
and that in one there was onl_v follicular lu’per- 
plasia. Thus the disease docs not neccssarih' 
c.\cite reactions in Wmph nodes, or may cau=e 
lesions not distinguishable from other forms of 
hyperplasia. There arc intermediate degrees of 
alteration that are at best only suggestive. 

UV.MPirATlC \'ESSELS 

These disclosed a great variety of lesions, in- 
cluding hi'pcrplasia of lining encbthclium and of 
reticular cells in the walls, acute h'mphangitis 
either with or without thrombosis, and fibrous 
obliteration. Occasional b simple lymph throm- 
bosis occurred in vessels which otherwise appeared' 
normal. 

A common early lesion was swelling and hyper- 
plasia of the rcticulo-cndothelium of the l\*mph 
vessels accompanied In* penA*ascular exudation of 
eosinophils (fig. 13). As this h_vpeqflasia was fre- 
quently focal it usually resulted either in nodular 
thickening of the wall (fig. 14) or in villous proc- 
e.sses which projected into the lumen (fig. 15). 

One way in which obstruction max* develop in a 
lymph vessel was well illustrated in the specimens 
from two f>alicnts with retrograde lymphangitis. 
One of them (Case 453) showerl the early stages 
in which the affected vessel was greath' dilated and 
the entire thickness of the wall and the surrounding 
fihro-adipose tissue was acutely inflamed. /\ living 
adult worm, presumably a male, la\' witliin the 
lumen with some lymph and a moderate number 
of h’mphocyles, and along the wall at one /)Iace 
there was mural tlirombosi.s (fig. 16). I'his throm- 
bus, which wa.s composed of lymphocytes and 
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coagulated lymph, increased in size by accumula- little resemblance to a lymphatic vessel (fig. 18). 
tion of more lymph, and other cells until the lumen It is this latter lesion which is presumably the 





Eig. 13 (Biopsy 415). Early clianges in a small affer- 
ent b'mphatic vessel showing focal hyperplasia of the 
reliculo-cndothclial cells of the wall, and perivascular 
exudation of eosinophiles, H.&E. X 250. 



I'lG. 14 (Biopsy 415). More advanced hyperplasia 
resulting in the formation of a projecting nodule. 
P.T.AJL X 250. 


of the vessel was occluded (fig, 17). The other 
patient (Case 452) showed the final stage where 
organization and fibrosis of the thrombus had 
ensued, leaving a dense cord-like structure bearing 



Fig. 15 (Biopsy 415). Endothelial hyperplasia with 
villus formation in the lymphatic sinus of a lymph 
node. P.T.A.H. X 250. 



Fio. 16 (Biopsy 453). Figures 16, 17 and 18 illustrate 
the development of lymphatic obstruction and cord 
formation. Figure 16 shows an acutely inflamed and 
dilated lymphatic containing an adult worm, A begin- 
ning thrombus, indicated by the arrow, comi>osed of 
coagulated lynii)b, lymphocytes and eosinophiles is at- 
tached to the wall. H.&E. X 150. 


basis for the development of lymph blockage and 
elephantiasis. 
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BACTERIOLOGIC INVESTIGATIONS 

There has long been a controversy as to whether 
the lymphangitis associated with filariasis is caused 
by filaria or by bacteria. This subject has been 
ably reviewed by O^Connor (7), who has estab- 
lished beyond reasonable doubt that the presence 
of bacteria is not necessary for the occurrence of 
most of the pathological changes and of all the 
inflammatory attacks associated with filariasis. 
The present study affords additional evidence that 
the lymphangitis and lymphadenitis are caused by 
filarial worms or some product elaborated by them. 
First, a careful and complete bacteriological exami- 
nation of the specimens was made at the time of 


DISCUSSION 

From the foregoing description it is sipparent 
that in the lymphatic system adult filarial worms 
incite an inflammator}' reaction with the usual 
cellular phenomena. Regardless of the causative 
agent, the cellular reaction in the fixed tissues of 
the body in inflammation is essentially the same, 
consisting in the main of three phases; namely, 
(1) exudation of fluid and free blood cells or hemo- 
cj^tes, (2) stimulationof the macrophage or reticulo- 
endothelial system, and (3) reparative proliferation 
of fibroblasts and cicatrization. The vascular 
phenomena of inflammation, which occur chiefly 
in the early stages, were not a conspicuous feature 





Fig, 17 (Biopsy 453). The lumen of the vessel is 
now occluded by the thrombus. H.&E. X 150. 


operation and later the tissues were stained for 
bacteria, but bacteria were never found. Second, 
in serial sections of the tissues it was possible to 
trace the histogenesis of the lesions from the early 
to the advanced stages and to show the develop- 
ment of lymphatic obstruction in the presence of 
the worms. Third, the lymphangitis was charac- 
teristically retrograde and not ascending as would 
be expected if it were of bacterial origin. Such 
observations clearly indicate that bacteria are not 
necessary for the development of the acute phases 
of filarial lymphangitis, although bacteria may, 
of course, secondarily invade already established 
lesions. 



Fig. 18 (Biopsy 453), The end stage is represented 
by a dense cord of fibrous tissue bearing little resem- 
blance to a lymph vessel. V.G.V.S. X 150. 

in the material under discussion. Variation in the 
inflammatory response may occur in different dis- 
eases depending upon the anatomical location of 
the lesions and the predominance of one or the 
other phase of the cellular reaction. Filariasis of 
the lymphatic system follows this general principle. 

The hemocytic reaction, which is probably the 
first phase of the inflammation, was manifested 
chiefly by the blood-eosinophilia and exudation of 
eosinophils in the affected tissues. Other cells of 
exudation were also encountered, but in much 
smaller numbers. In the lymphatics this stage 
was sometimes accompanied by acute necrosis of 
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lieats, because of the vicissitudes <»f war, lived 
under the same primitive conditions as the natives^ 
whereas during peace times wlut(* people living in 
tlu* same regions are usually quartered in the 
coastal settlements where anti-mosquito measures 
are in force. 

As is well known it ha^^ been extremely dilTjcull 
to obtain accurate information concerning the in- 
cubathm period of filariasis, and the }>revailing 
opinion has been that, ‘‘tlie incubati{>n penf>d lasts 
alKUit one year (i.e. from the entry of the third 
stage infective larvae into the skin until inicro- 
fdariae first ajifiear in the fienpheral blood), (hiring 
which lime there are no known symptoms” (1), 
Study of the patients reported herewith ^h(nv^ 
plainly that the acute stages of filariasis the 
lymphatic system may occur as early as three 
months after exposure, not necessarily accomjia- 
nied hy demonstrable microfilariae in the periph- 
eral blood. 

Note: An abstract of this paper has been pul)* 
lished in the Hulletin of the Lb S. Army Medical 
Department (KD- Since the preparation of this 
manuscript, the pa[)ers hy Michael (14) and Flynn 
(15) have ap[)cared descriliing a similar group of 
patients from the same area. Hart/ (12) has 
published a paper demonstrating that lesions of 
the same character ap[>ear in filariasis as it occurs 
in the Netherlands West Indies. 

Grateful acknowledgement is made to Professor 
Peter MacCallum for the use of the photo micro- 
graphic equipment. 

SrMAWRY 

1. 'Phis is a report on the early lesions of acute 
filarial lymjihadenitis and lymphangitis, due pre- 
sumably to Wttclicrcria bancrofii. 

2. Material was obtained hy diagnostic biojisy 
on 17 otherwise healthy young white men who 
had resided in the islands for 4 montlis and were 
exposed to the bites of mosquitoes harboring the 
non-periodic form of ]Vncbcrcria Ixmcrojti. 

3. The clinical manifestations included acute 
epididymitis, acute transient retrograde lymphan- 
gitis and lymphadenopathy especially of the upper 
extremities. Intraciermal tests were positive in all 
but one case. Microfilariae were not demonstrated 
in the peripheral blood during their sta}' in tlic 
hospital and elephantiasis did not occur. 

4. Adult male and female filarial worms were 
found in five of the specimens. Both living and 


deail worms were jiresenl and tlie females con- 
tained in their uteri large numhers of eggs and 
microfilariae which afipenrcd morphologically ma- 
ture. No free microfilariae were found in the 
tissues. 

5. Cultures of the iiiopsies, as well as tissue 
sections specially stained for bacteria, were nega- 
tive, indicating that the lesions were due to the 
worms and not to bacteria. 

6. d'he tissue reactions in the nodes consisted 
of granulomatous inllammation with marked hy- 
perj)lasia of the macrojihage freticulo-endothelial) 
s>>tcm and tissue eosino/>hi)ia. 'J7ie lymphatic 
veS'icls showed reliculo-endothelial ]iyper|)!asia, 
lymph thrombi, and varying degrees of inflamma- 
tion with or without thrombosis, 

7. It i*; suggested that the absence of micro- 
filariae from the blood may be due to the avascular 
nature of the granulomas, (he hyperjilasia of mac- 
rophages, a ml the small numbers of worms found 
in the specimens. 

8. 'Hie history of these fiatients jiroves that 
wliite persons can be infected during short visits 
to endemic areas, and that signs and symptoms of 
filariasis may (ievelop as early ns .S months after 
the first exposure to infected mosquitoes. 
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any syin}Uoms suggestive of clinical filariasis. 
These were tested with the antigen made from 
microfiiarinc of IF. bancrojti and also with the 
ilricd pulverized leukocytes. In every axso there 
were negative reactions to both test antigens. 

CONCLUSIONS 

A test antigen has been prepared from the dried 
pulverized microfilariae of \Viichcrer\a bantrojii. 
This material gave a positive precipitin reaction in 

2 of 26 scrums from patients with circulating 
microfilariae hut without clinical symptoms and 

3 positive tests from 14 patients with cHnical 
filariasis but negative for parasites in the bloo<L 


In 10 control sennns tested vrith the antigen from 
microfilariae all the tests were negative. No posi- 
tive reactions were obscn’cd in any of the scrums 
tested with the dried pulverized lcukoc}"tcs. 
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Between January, 1925 and June, 1942, autop- 
sies were performed at the Board of Health Lab- 
oratory, Gorgas Hospital, Ancon, Canal Zone, on 
100 patients who had died of estivo-autumnal 
malaria. The purpose of this paper is to provide 
a resume of those 100 cases. 

A total of 6,214 autopsies w'as performed during 
the period under consideration, so that the autopsy 
percentage on cases of malaria was 1.6 per cent. 
The autopsy percentage of the Board of Health 
Laboratory for all deaths was 60 per cent. Sixty- 
six patients came from Gorgas Hospital; the clini- 
cal data on these were fairly complete. The 
remaining 34 patients died at Colon Hospital, 
Corozal Hospital, Army post hospitals, or were 
coroner’s cases. The clinical data on many of 
these patients were inadequate. * 

SEASONAL DISTRIBUTION 

Deaths occurred in all months. Two poorly 
defined peaks were present: in May and June, and 
in December and January. These peaks could 
be correlated with the general morbidity of malaria 
on the Isthmus of Panama. The number of au- 
topsies each year varied from 2 to 10; no trend 
was recognizable. 

* 

SEX, AGE, AND RACE^ 

Seventy patients ^vere males and 30 were females 
(see table 1). Among the United States citizens 
there were 10 males to 1 female; among the West 

'Pathologist, Board of Health Laboratory. Cap- 
tain, M.C. A.U.S. 

2 Staff Ph 3 ^sidan, Gorgas Hospitol. 

2 In this paper the term race is used colloquially, 
meaning a group of people having similar appearance, 
customs, and language. The United -States citizens 
are either white ^ employees of the Panama Canal or 
military personnel. The Panamanians are the native 
Latin Americans, many being mestizos. The British 
West Indians are Negroes born in Jamaica, Barbados, 
and other West Indian islands, who were imported to 
the Isthmus during the construction period of the 
Panama Canal, and their descendants. 


Indians were 2 males to 1 female; among the 
Panamanians the sex ratios were equal. These 
figures reflect the sex distribution of the races on 
the Isthmus. The average age of the 100 patients 
wsLS 22.6 years. The average age of the males was 
24.6 years, with a range from 2 months to 66 years. 
The average age of the females was 13.9 years, 
with the range from 8 months to 53 years. Al- 
though there 'were five times as many West Indians 
as Panamanians in the Gorgas Hospital population, 
there were more than three times as many deaths 
from malaria amongst Panamanians as West In- 
dians. The explanation is simple. . Most of the 
West Indians lived in the sanitated Canal Zone, 

TABLE 1 


Race and sex distribution (figures in parentheses indicate 
• average age of race) 



UAIE 

FEMALE 

TOTAL 

Panamanians 

yrs. 

19 ( 8.6) 

yrs, 

20 ( 5.2) 

39 

United States citizens, . 

30 (35) 

3(43) 

33 

British West Indians. . 

8 (17.9) 

4(37) 

12 

All others 

13 (36.9) 

3(13) 

16 

1 

Total 

70 

30 

100 


w’hereas many of the Panamanians in this series 
lived under more primitive conditions. Practically 
all of the United States citizens were soldiers who 
acquired their infection on maneuvers or on small 
outposts. 

Two thirds of the females were Panamanians 
whose average age was 5.2 years. Of the 39 Pana- 
manians who died, 34 were 10 years or younger. 
These figures confirm the experiences of others. 
Sjrong (1) has wTitten: “The native children, to 
a striking degree, harbor parasites and to them in 
many tropical localities malaria is a prime cause 
of death.” If the Panamanian survives his child- 
hood attacks, apparently, he is not likely to die of 
malaria. 
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PREVIOUS ATTACKS OE MAIARU 

I 

Of the 100 patients who died of estivo^autumnal 
malaria, 29 had had no previous attacks, 24 had 
had 1 previous attack, 3 had had 2 previous 
attacks, 3 had had 3 or more previous attacks, and 
in 41 instances data on this score were not obtained. 

Duration of Symptoms 

The average duration of symptoms (see table 2) 
before hospital admission in these fatal cases was 
4.3 days with the range varying from four and 
one-half hours to twenty-one days. Twenty-three 
patients had symptoms of not more than one day^s 
duration before hospitalization, and yet they died. 
Many of the patients came from a class which 
does not complain until sick enough to die. Of 
these 23, 13 were admitted to Gorgas Hospital and 
10 to other hospitals and dispensaries.^ 


TABLE 2 

Duration of Symptoms Before Ad7nission 


Less than 1 day, 

1 day 

2 days 

3 days 

4 days 

5 days 

6 days 

7 days 

8~21 days 

Unknown 

Total.. 


8 

15 

6 

12 

5 
4 

6 
8 

11 

22 

100 


Type of Temperature 

No particular conclusions could be drawn from 
a study of the temperature charts. Some patients 
had high fever; others had little elevation of 
temperature. 

Climcal Signs and Symptoms 

Vomiivtg was present in 53 patients, absent in 
19, and not mentioned in 28. Headache was pres- 
ent in 29, absent in 39, and not mentioned in 32. 
Chills were present in 34, absent in 35, and not 

^Appreciation of these facts led to the institution 
of energetic measures for the early diagnosis of malaria 
by the thick film method and the immediate institution 
of anti-malaria therapy. This has resul ted in a distinct 
drop in the mortality rate at Gorgas Hospital during 
the past two years. 


mentioned in 31. The other signs and symptoms, 
as recorded by the clinicians, may be divided into 
two main categories: cerebral and cardiovascular. 

Cerebral . — Coma or stupor was noted in 31, 
convulsions in 22, restlessness in 19, irrationality 
in 17, twitching in 11, loss of sphincter control 
in 11, delirium in 10, lethargy in 10, altered 
reflexes in 9, hiccough in 6, violence in 5, miosis 
in 3, spasticity of extremities in 4, meningismus 
in 3, toxic psjxhosis in 2, n 5 '^tagmus in 1, and 
vertigo in 1. 

Cardiovascular, — ^Fast, thready pulse was ob- 
served in 16, shock (mentioned by clinician) in 
11, dyspnea in 10, cyanosis in 9, ascites or edema 
in 3, and gallop rhythm in 1. 

Miscellaneotis Symptoms , — ^Diarrhea was noted 
in 11, jaundice in 10, anuria in 6, gastro-intestinal 
bleeding in 6, ^^biackwater’^ in 5, backache in 3, 
dysphagia in 1, hematuria in 1, abdominal pain 
in 1. 

Liver , — ^The liver was not palpable in 60 pa- 
tients, palpable in 10, doubtfully palpable in 
4, and information was not available in 26 
instances. 

Spleen . — The spleen was not palpable in 45, 
palpable in 21, doubtfully palpable in 4, and 
information was not available in 30 instances. 

Degree of Clinical Infection 

Of the 66 patients upon whom data were avail- 
able, 30 had severe infections, 7 had moderate, 
and 29 had light infections. Unfortunately, no 
consistent definitions of these terms were employed. 
For practical purposes it was assumed that a severe 
infection was one in which more than 3 per cent 
of the erythrocytes were parasitized; a moderate 
infection was one in which 1 to 3 per cent of the 
erythrocytes were parasitized; less than 1 per cent 
parasitization was considered light. 

That 29 out of 66 patients should die with light 
infections is noteworthy. It is possible, of course, 
that if serial blood films had been examined during 
the first twenty-four hours, some of the patients 
who were at first thought to have light infections 
would later have been shown to have moderate or 
heavy infections. And in some instances, the 
infection may have appeared light because the 
patient had resorted to the use of medication be- 
fore professional advice was sought. Neverthe- 
less, the clinician considered and treated many of 
these 66 patients as though they had light infec- 
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tions. While the number of parasites in the 
peripheral circulation may be the best available 
means of judging tlie seriousness of the illness, it 
is often deceptive. We have seen patients with 
20 per cent infection of tlieir erythrocytes who 
recovered and some with 0.5 per cent infection 
who died. 

Therapy, — The therapy may be divided into 
categories depending upon the amount of drug the 
patient received each day, or would have received 
if sur\dval had permitted the routine to be con- 
tinued in those patients who died witliin the first 
twent 3 '-four hours. In table 3 is recorded the 
dosage in relation to the degree of infection. Data 
were ax'ailable in 62 patients. 

Within the first twenty-four hours after admis- 
sion, a total of 35 patients died: 17 with severe 
infections, 3 with moderate infections, and 15 \\dth 


TABLE 3 


ntMCE or 

IKFECnON 

DOSAGE 

TOTAL 

Quinme 1 
(over 3 
grams 
per day) 

Quinine 
(bclween 
2 and 3 
grams 
per day) 

Alabrine 
alone i 
(over 0.5 ! 
gram 
per day) 

Mixed I 
treat- 1 
ment, 
quinine 
and 

atabrine 

Severe 

19 

1 

4 

4 

28 

Moderate. . . . 

2 

1 

1 

3 

7 

Light 

15 

5 

1 2 

5 

27 

Total i 

36 i 

1 

7 

7 

> 

12 

62 


light infections. Of the 36 patients receiving 
heav 3 ^ quinine therapy (over 3 grams per day), 
' 17 died within twelve hours after admission to the 
hospital; of these 17, 8 had light infections. 
Within the next t\velve hours, 8 more died, of 
whom 4 had light 'infections. The death of 12 
patients with light infections within twenty-four 
hours after admission, despite heavy quinine ther- 
apy, emphasizes the inadequacy of the apparent 
degree of peripheral infection as an index of the 
seriousness of the illness. 

Autopsy Data 

No attempt will be made to provide a summary 
of all the autopsy findings. Only some of the 
facts pertinent to the problem of malaria will be 
considered. 

Brain, — Parasites were found in 71 patients, 
not found in 28, and in 1 case the record was 
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“doubtful.” Pigmeni^was recorded as present 68 
times, absent 31 times, and questionable once,. 
Plugging of the capillaries was studied. In 81 
patients the statement was made that the capil- 
laries were not plugged. In 16 the capillaries were 
“packed,” “filled,” “engorged,” or “plugged with 
malaria parasites and pigment.” In 2 instances 
the presence or absence of plugging was not re- 
corded, but “many” estivo-autumnal parasites 
were rioted in the brain. In 1 case the material 
was not satisfactory. 

Spleen, — ^Para5i7c5 were present in 68, absent in 
30, and examination was not made in 2. Pigment 
was present in 91, absent in 8, and axamination 
was not done in 1. 

Blood, — Parasites were present in 66, absent in 
30, and in 4 instances no examination of the blood 
was made. 

Bone Marrow, — Parasites were present in 58, 
absent in 29, and in 13 instances the marrow was 
not examined. Pig}7t€ni was present in 64, absent 
in 23 cases, and in 13 instances the rib marrow was 
not examined. 

All Organs, — ^In 98 out of the 100 cases, there 
were parasites or malaria pigment found in one or 
more organs. The remaining 2 patients had light 
infections; 1 died of blackwater fever and the 
other of chronic nephritis. 

Type of Death 

Although all of the 100 patients died of malaria, 
it was possible to subdivide the cases into several 
types of death based essentially upon the clinical 
course. 


Shock 15 

Doubtful shock 7 

Cerebral malaria 12 

Biack\Yater fever 5 

Uremia 4 

Ruptured spleen 3 

Bronchopneumonia 3 

Bloody diarrhea V 

Purpura 1 

Other complications 3 

Unclassified 46 


Discussion of Type of Death 

It is difficult to disagree with the recent state- 
ment of Rigdon (2) that the many clinical and 
pathological observations which have been made 
on malaria “have not been adequate to explain the 
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mechanism of death in acute cases of Plasmodium 
falciparum infection/' 

Seyfarth (3) presented a classification of the 
various forms of deatli in acute malaria: 

(1) Septicemic form (30 per cent of all deaths) 

(2) Cerebral form (55 per cent) 

(3) Cardiac or algid form (14 per cent) 

(4) Renal form (1 per cent) 

Suprarenal form, pancreatic form, and rupture of 
the spleen were also recorded. 

In our own material it was impossible to classify 
46 per cent of the cases. Of tliese, 30 belonged to 
the group of 34 patients who did not die in Gorgas 
Hospital and upon whom clinical data were in- 
complete. Many of these represented the most 
severe type of malaria and it is possible that most 
would have been included by Seyfarth in his septi- 
cemic or cerebral forms. This left 16 Gorgas 
Hospital patients upon whom it 'was considered 
impossible to assign a particular t> 7 )e of death. 
Of the 54 instances in which classification was 
attempted, most fell into the shock and cerebral 
groups. 

Shock as a factor in malaria death has been 
introduced with some trepidation. Although the 
voluminous literature on malaria contains numer- 
ous references to the “algid” form of death, the 
“cardiac” form, syncopal form, choleraic form, 
circulator}’^ failure, cardiorespiratory failure, etc., 
definite mention of shock as a factor in malaria 
deaths has been rare. Dudgeon and Clarke (4) 
were impressed by the “observed frequency of 
cardiovascular phenomena,” They stated: “It 
has been noticed during this epidemic of malaria 
in the Salonika Army that sudden death was not 
uncommon, and the committee which was ap- 
pointed to inquire into and report on the fatal 
cases of malaria which occurred in the Salonika 
Army noted that a large proportion of the cases 
died within 24 hours, and no less than 57 per cent 
died \vithin the first two days of admission to the 
hospital. Further, collapse and even sudden death 
occurred as an initial phenomenon of the disease 
in this epidemic.” 

In a recent article Rigdon (2), reporting the 
death of a 7 year old child, cautiously stated “the 
pathological lesions may have resulted from shock.” 
Cannon (5) wrote “onefeature of pernicious malaria 
which is noteworthy is the vascular injurj^ as 
revealed by generalized fatty degeneration, hem- 
orrhages into the brain, purpura, etc. Such a 
condition should certainly predispose • to loss of 


fluid elements of the blood similar to that in 
shock, and as it does particularly in the algid 
forms of pernicious malaria.” Elevated plasma 
potassium levels in man and monkeys infected with 
malaria have been reported by Zwemer, Sims, and 
Coggeshall (6), and in canaries by Velock and 
Scudder (7) who mentioned anaphalactic shock in 
relation to malaria. 

In the early phases of our review of this mate- 
rial, the descriptions of the clinical s 3 niiptoms as 
recorded in the doctors' records and in the nurses' 
notes pointed agam and again to shock. 

Two case reports may be presented as illustra- 
tive of the occurrence of shock in patients with 
malaria. Case I is taken from our series of 100 
deaths. The patient in Case II ‘was recently 
treated in Gorgas Hospital and recovered. 

Case /, Me. T., 1 37 year old white male, was 
admitted, acutely ill, having had symptoms of malaria 
for seven days. Examination of the blood showed 
heavy paradtization of the eo’throcytes with Plasffiod- 
itim falciparum. The patient w’as given 0.2 gram of 
atabrine by mouth three times at sLv-hour intervals, 
one dose of which may have been lost by vomiting, 
after which he received 0.1 gram of atabrine three 
times at eight-hour intervals. Fortj^-four hours after 
admission, the patient was given 2 grams of quinine 
by mouth, but he vomited shortly thereafter, so how 
much of the quinine was absorbed is not known. 
Forty-five hours following his admission, the patient 
■ suddenly and unexpectedly went into a state of ex- 
treme shock. The blood pressure could not be ob- 
tained in either arm, the radial pulse was imperceptible, 
the skin was cold and clammy. External heat was 
applied, and stimulants were adnunistered, but the 
patient died three hours later. Two hours before 
death be bad been given an additional 0.3 gram of 
atabrine intramuscularly. 

A complete autopsy was performed sixteen hours 
after death. The nail beds were cyanotic. The 
leptomeninges were moderately congested and slightly 
edematous. The grey matter of the brain appeared 
injected and bright pink. The mucosa of the lai>mgo- 
epiglottic folds was shrunken as if there had been 
antemortem edema. There was a little frothy fluid 
in the trachea. The dependent portions of the lungs 
were somewhat congested. The liver was enlarged, 
weighing 2,300 grams; the edges were sfightl}^ rounded; 
the cut surface was of the “early nutmeg" type with 
pale grey-yellow parenchyma and congested sinusoids. 
The spleen was enlarged, w^eighing 500 grams; the 
capsule was smooth, glistening, and tense; the pulp w’as 
dark brownish-red; the trabeculae were prominent. 
The esophagus w'as slightly dilated. The stomach was 
distended and contained gas and about 100 cc. of 
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faintly blood-stained fluid; tbe mucosa* of the fundus 
was markedly congested. The small and large in- 
testines were 'moderately congested and edematous; 
there were no ulcerations or foci of gross hemorrhage. 
. In tlic histologic sections tlie leptomcningcs were 
congested and the capillaries of the brain were en- 
gorged. Only an occasional estivo-autumnal ring form 
>Yas seen in the er>’throcYlcs. No ‘‘cerebral plugging'^ 
was noted. The vessels in the lungs were engorged. 
Red blood cells were present in the serous e.Yudate 
which filled some of the alveoli. The heart muscle 
fibers were pale and swollen. The peritracheal nodes 
were congested and edematous. There was central 
engorgement in the liver and some cloudy swelling of 
the parenchyma. The spleen was congested. The 
capillaries of tlie stomach were filled with blood. All 
the internal organs contained parasitized erythrocytes 
and some malaria pigment within the capillaries. 
Twenty-five per cent of the erythroc>’tcs within the 
peripheral blood were parasitized. 

These changes were recorded objectively by a 
pathologist unconcerned with the problem of shock in 
malaria. If the criteria of Moon (8) are accepted, the 
patient had many of the pathologic changes seen in 
cases of shock. It is recognized that more intensive, 
early therapy might have prevented the death of this 
patient. 

Case II, M. T., a 34 year old male Salvadorean, 
entered the hospital complaining of an abrupt onset 
of chills, fever, headache, backache, and general 
malaise three days prior to admission. 

On arrival in the hospital he was tired and weak, 
but this condition was not considered serious. His 
temperature was 101 F. His pulse rate w^as 82 per 
minute and his respirations were 20 per minute. The 
blood pressure was 95 mm. of mercuiy systolic and 
65 mm. diastolic. Except for a moderate injection of 
the throat and a barely palpable spleen, the physical 
examination w’as negative. The blood film showed 
moderate infection with PJasmodtupi falciparum . Two 
grams of quinine sulphate w’ere administered by mouth 
thirty minutes after admission. Nine hours after 
admission the patient was found with a cold and 
clammy skin, an imperceptible pulse, a temperature of 
95 F., and a blood pressure of 60 mm. of mercury 
systolic over 40 mm. diastolic. He was given shock 
treatment, consisting of elevation of his feet, appli- 
cation of external heat, an intravenous infusion of 
1,000 cc. of saline with 5 per cent glucose, and an 
infusion of 250 cc. of plasma. After these measures 
the pulse improved in quality and the blood pressure 
rose to 86 mm. of mercury systolic and 56 mm. diastolic. 
Thirteen hours after admission the patient was again 
in good condition, and from that point his convalescence 
was uncomplicated. No abnormal reaction to quinine 
was noted. It was the impression of the attending 
physicians that the anti-shock measures were re- 
sponsible for the patient’s recovery. 


It is a popular medical opinion that many pa- 
tients who die of estivo-autumnal malaria have a 
cerebral tjqDe of death due to the plugging of the 
capillaries of the brain by thrombi or emboli of 
malaria parasites and pigment. Text book illus- 
trations of plugging merely show a capillary of the 
brain filled with crythroc 3 '’tes, most of which arc 
parasitized. The pathologists, in the current series, 
obviousl}'' emplo^^d these conventional criteria of 
plugging and we have not modified their records’ 

Of the 56 patients classified as to t^T^e of death, 
12 had a clviical course which properly might be 
included under the heading of “cerebral,” although 
twice as many patients had a major cerebral 
symptom such as a convulsion during the course 
of the illness. In the autopsy protocols of 10 of 
these 12 patients were statements that the capil- 
laries were not plugged. In the other 2 cases 
definite statement concerning plugging was not 
made, but in one protocol the pathologist recorded 
a “few E. A. rings” in the capillaries of the brain 
and in the other a “moderate number” of parasites 
were seen in the brain. In not a single one of 
these 12 cases were the pathologists sufficiently 
impressed by the histologic appearances to, have 
employed the term “cerebral plugging.” 

Of the 16 cases in which plugging was men- 
tioned, 11 belonged in the group of 34 in which 
clinical data as to the type of death were not 
available and who probably received less treatment 
than those who died in Gorgas Hospital. Of the ' 
remaining 5, 2 were listed under “shock” death, 
and 3 in other categories. None were listed under 
“cerebral” death. 

Certainly no obvious correlation between cere- 
bral malaria and cerebral plugging can be recog- 
nized in our material. It is of course possible that 
the treatment which the hospital patients received 
washed out the cerebral plugs before death.* 
Whether this view is naive rationalization or has 
basis in fact aw’aits further investigations, possibly 
along the lines reported by Kniseley, Stratman- 
Thomas, and Elliott (9). 

We wish to emphasize that the limitations of 
our method of study, based upon hospital charts 
and protocols of routine autopsies, should not be 
overlooked when considering the relationship be- 
tween cerebral malaria and cerebral plugging. If 
the clinical data had been recorded in greater detail 
and if the autopsy material had been studied by 
special methods the lack of correlation might not 
have been so striking. 
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suaiMAjRy 

1 . Tie records of 100 patients who died of estivo- 
autumnal malaria and upon whom autopsies were 
performed at the Board of Health Laboratory, 
Gorgas Hospital, Ancon, Canal Zone, between 1925 
and 1942 were reviewed* One and six-tenths per 
cent of all autopsies (6,214) performed during 
that period were on patients who died of estivo- 
autumnal malaria. 

2. Deaths occurred in all months, although ques- 
tionable peaks in May*-June and December- 
January were present. 

3. Of 39 Panamanians in the series, 34 were 
children 10 years or ^''ounger. 

4. The duration of symptoms before hospitali- 
aation varied from four and one-half hours to 
twenty-one days. Twenty-three patients had 
symptoms of not more than one day before hos- 
pitalization and yet they died. 

5. The degree of parasitkation of the peripheral 
blood was not a wholly adequate index of the 
seriousness of the illness since 12 patients with 
light infections died within twenty-four hours of 
admission despite heavy treatment with quinine. 

6. Some of the classical signs and symptoms of 
malaria such as chills, headache, vomiting, pal- 
pable liver, and spleen were absent in one third to 
one half of the patients. 

7. The dinical and pathologic changes which 
have been described in shock ivere recorded in 
one third of the patients upon whom dassification 
of the type of death was possible. 

8'. No correlation between cerebral malaria as 
noted dinically and cerebral plugging as recorded 
at autopsy was apparent in our material. 

9. Two case reports illustrating the occurrence 
of shock in patients with malaria were presented. 
Anti-shock measures were believed to have saved 
the life of one patient. 
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A saline extract of Plasmodium knowlesi para- 
sites has proyed to be a dependable antigen for 
use in complement fixation tests for malaria. The 
results of this test on 675 individuals have been 
reported (Dulanej’’, Stratman-Thomas, and Warr, 
1942), A sensitivity of 81.6 per cent, as evaluated 
by thick blood film findings, was demonstrated. 
Reactions listed as nonspecific were obtained with 
31 (8.7 per cent) of 358 sera from presumably 
nonmalarious individuals. However, the 31 posi- 
tive sera included 14 specimens from patients 
known to have leprosy, Chagas’ disease, or yellow 
fever, and all came from malarious areas. 

A conservative attitude toward these and a 
large number of additional results of complement 
fixation in malaria would appear to justify the 
opinion that at the present time the test is more 
specific than sensitive. The increasing interest in 
the test and recognition of its diagnostic possi- 
bilities emphasize the need for a more sensitive 
antigen and for fundamental information regard- 
ing the nature of the antigenic substance in the 
malaria parasite. 

The following types of parasite products, other 
than saline extracts, have been studied during 
the past year: 

1. Phosphate buffer extracts of wet and dried 
parasites 

2. Barbiturate buffer extracts of wet and dried 
parasites 

3. Solutions of parasites obtained by treatment 
with barbiturate buffer and NaOH 

4. NaOH solutions of parasites. 

Parasites were obtained from laked red blood 
cells of infected monkeys. The course of the in- 
fection was followed and the blood dra\\’n when 
the monkey showed a high percentage of red cells 
containing mature parasites. The method of har- 

‘The studies on which this paper is'|bascd were 
made possible by support given by the Tennessee 
Valley Authority through the Division of Preventive 
Medidnc of the University. 


vesting and treatment of parasites has been de- 
scribed (Dulaney and Stratman-Thomas, 1940). 

IiIETHODS 

The water-bath method' of incubation was em- 
ployed for the complement fixation tests reported 
in 1942. For the past 2 years the Kolmer Wasser- 
mann technic (Kolmer, 1943) has been used with 
excellent results. It was adopted with the idea 
that laboratories performing this test routinely 
could easily perform complement fixation tests for 
malaria. Titration of complement and hemolysin 
are carried out in the usual manner. The test is 
done with one-fifth amounts^ of all reagents in 
order to conserve antigen and to permit more tests 
with the same sample of serum. The serum is 
diluted 1:2§ by adding 0.45 cc. of saline to 0.3 cc. 
of serum. One-tenth cc. of the diluted serum is 
combined with 0.1 cc. of antigen and 0.2 cc. of 
complement representing I of the full 2 unit dose. 
Controls of all reagents are included. After over- 
night incubation in the refrigerator and 10 minutes 
at 37 C., 0.1 cc. of a 2 per cent suspension of sheep 
cells and 0.1 cc. hemolysin (carrying I of 2 units) 
are added, and readings made after further incu- 
bation for 30 minutes at 37°C. Kahn tubes have 
been used for these tests. Readings of negative 
or strongly positive reactions are easy. Inter- 
mediate reactions may be checked by centrifuga- 
tion and by comparison with standards. 

The dose of antigen has been determined hy 
titration with knowm positive and negative sera. 
The antigen is diluted in serial fashion and 0.1 cc. ' 
amounts combined with 0.1 cc. of serum (1:2}) 
and 0.2 cc, of complement. The 0.1 cc. amount 
of the highest dilution of antigen giving a 4-b 
reaction with tlic positive serum is arbitrarily called 
the unit. Such a dilution must of course give no 
reactions with the negative scrum or in the anti- 
complementary controls. The antigen dose for 
tests has consisted of 2~4 units. 

• This is the micro Kolmer test, with minor modifi- 
cations (Kolmer, 1942). 
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PREPARATION AND ACTIYITY OF ANTIGENS 

L Saline Extracts 

The preparation of saline extracts as described 
previously (Dulaney and Stratman-Thomas, 1940) 
has not been altered. Dried parasites are ground 
with saline, frozen and tliawed 4-6 times, and 
centrifuged. The supemate is distributed in am» 
poules and frozen. Small amounts of pigment 
which flocculate during refrigerator storage are 
removed by centrifugation before diluting the 
antigen for use in tests. 

It has been found that one freezing and thawing 
releases into the extract only a part of the antigenic 
material. When the residue obtained by centrifu- 
gation is taken up in the original volume of saline 
(10 cc. per 0.1 gm. of dried parasites) and again 
frozen and thawed 4 times, the resulting supemate 
has one-fourth to one-half the antigenic activity of 
the first. Third and fourth extracts may be as 
active as the second. 

The first extract is a deep amber color, clear and 
sparkling; the others almost colorless. With 4 
successive extractions a calculated total of 1200- 
1600 antigenic units may be obtained from 0,1 gm, 
of dried parasites (table 1). With the average 
yield of 0.5 gm. of parasites per monkey it is evi- 
dent that 6000-8000 units of antigen may be 
obtained from one animal The parasite 3deld 
has reached 0.8-1 .0 gm. in large and heavil}'- para- 
sitized monkeys. 

2. Phosphate Buffer Extracts 

Highly active antigens may be prepared by 
treating wet or dried parasites with M/10 phos- 
phate buffer of pH 7.8-8.0. Freezing and thawdng 
or extraction at room or refrigerator temperatures 
may be employed. Such preparations are 6-8 
times more active than the saline extracts. 

Since it is difficult to determine the weight of 
wet parasites the following comparison of antigenic 
activities was carried out with dried parasites from 
a pool of 6 monkeys. 

Two 0.1 gram samples of dried parasites were 
each ground with 10 cc. of phosphate buffer and 
labeled (a) and (b). A third sample was ground 
with 10 cc. of 0.9 per cent NaCl (c). Preparation 
(a) was frozen and thawed 4 times, centrifuged, 
and the clear browm supemate removed and desig- 
nated P-FT-1. The residue was mixed with 10 cc. 
of phosphate buffer and the freezing and thawing 
process repeated. The supemate, P-FT-2, was 


almost colorless. Supemates P-FT-3 and P-FT-4, 
obtained in like manner, were practically colorless. 

Preparation (b) was allowed to stand at room 
temperature with frequent stirrings for 1 hour. 
Centrifugation yielded a deep brown opalescent 
supemate which was designated P-R-1. The resi- 
due was taken up in 10 cc. of buffer and stirred 
at inten^als during a second extraction period of 
an hour; the pale amber opalescent supemate was 
designated P-R-2. Third and fourth extractions 
yielded faintly colored P-R-3 and P-R-4 prepara-' 
tions. The residue from the fourth extraction was 
taken up in 10 cc, of buffer and left in the refrig- 

TABLE 1 


Skoxcing the relative actmiy and nitrogen content of 
extracts of P. knoxvJcsi parasites 


EX- 

TRACT 

NUMBER: 

READINGS 

P-E 

p-rr 

s-rr 

1 

Antigen units/cc. 

640 , 

320 

SO 


Total N mg/cc- 

0.32 

0,70 

0.41 

2 

Antigen units/cc. 

160* 

160* 

20 


Total N mg/cc. 

0,15 

0.12 

0,05 

3 

Antigen units/cc. 

' 80* 

160 

20* 


j Total N mg/cc. 

' lost 

0.04 

1 0.02 

4 

Antigen units/cc. 

! SO* 

SO 

20* 


Total N mg/cc. 

0.03 

0.03 

0.02 

5 

Antigen units/cc. 
Total N mg/cc. 

‘ 20* 
0.02 


r ‘ 


* Indicates that the next dilution gave a reading 
of 3-}-. 


erator over night. This was centrifuged and tlie 
supemate designated P-R-5. 

Preparation (c) was frozen and thawed as was 
(a), using 10 cc. amounts of 0.9 per cent NaCI and 
S-FT-1, S-FT-2, S-FT-3, and S-FT-4 extracts 
obtained. 

Five cc. samples of each of the 13 preparations 
were used for total nitrogen determinations. Mi- 
cro kjehdahl determinations for total nitrogen were 
made on the first two extracts in each series, using 
selenium as a catalyst followed by distillation 
into boric acid. The ammonia was titrated with 
standard HCl, using method red indicator to a 
matched end point. The ammonia from each of 
the remaining extracts was distilled into 25 cc. 
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volumetric flasks containing 5 cc. 0.1 N HCl and 
tlic distillate made up to volume. Suitable aliquots 
were nesslcrizcd and compared against a scries of 
standards, using the photoelectric colorimeter. 

The relative antigenic activity was determined 
by titration with a strongly “positive’^ malaria 
serum diluted 1 A known negative serum and 
anticomplcmcntar}' controls were included. All 
tests witli tlic negative scrum arid in the series 
containing no scrum were negative. The highest 
dilution of each antigen giving a 44- reaction with 
the positive fecrum was recorded (table 1). It is 
apparent that the phosphate buffer preparations 
are much more active tlian the saline extracts. 
A calculated total of 9600 antigenic units was ob- 
tained by 4 phosphate buffer extractions at room 
temperature, 7200 units by 4 freezings and thaw- 
ings in phosphate, and 1400 units by 4 freezings 
and tliawings in saline. 

Tlic total nitrogen determinations indicate that 
the first extracts by any method contain more 
nonantigenic material than subsequent extracts. 
This Ending is in accord with the larger amounts of 
pigment in the first c.xtracts. The first extracts 
contain, also, larger amounts of material, presum- 
ably protein, which may be flocculated by heating 
under conditions which do not inactivate the 
antigen. 

J. Barbiturate Btiffcr Extracts 

Extracts were prepared b}'' treating fresh or 
dried parasites with N/10 barbiturate buffer (pH 
8.5) at room or refrigerator temperatures for var>’’- 
ing time periods. Either method yields active 
preparations containing 320 to 640 units per cc. 
Repeated extractions recover additional antigen. 

A highly active antigen was prepared by extract- 
ing the wet parasites obtained from one monkey 
first with 200 cc. of barbiturate buffer and then 
with 50 cc. The combined extracts were dial^^zed 
against distilled water to remove salts, and sub- 
sequently concentrated in a semipermeable mem- 
brane at 5°C. to 40 cc. Centrifugation yielded a 
supemate of 1280 units per cc. 

4. Solutio? 2 s of Parasites Obtained by Trcatme7it 
with Barbiturate Buffer and NaOH 

Fresh parasites were treated with barbiturate 
buffer, pH 8.5, at room temperature for one hour. 
Ten per cent NaOH was added drop by drop, with 
gentle agitation until the parasites dissolved. A 
dark brown solution was obtained which was 


dial^^zed against N/10 barbiturate buffer (pH 8.5) 
for 3 days at 3°C. Some pigment precipitated 
during dialysis. After centrifugation the super- 
nate was tested for antigenic content and found to 
contain 800 units per cc. 

5. NaOH Solutions of Parasites 

Fresh parasites were dissolved in 0.096 N NaOH. 
The solutions were then adjusted to pH 7,0 with 
dilute HCl which precipitated most of the pigment 
and perhaps some other materials. The opales- 
cent pale brown supemate was then concentrated 
in a semipcmieable membrane at 3°C. to approxi- 
mately 25 per cent of the original volume, a process 
requiring about 3 days. While antigenic, this 
preparation was not satisfactory because of its 
anticomplemcntary properties. 

PROPERTIES OF THE P, K^^O^VLESI ANTIGENS 

i. That the antigenic material is a protein-lipid com- 
plex is suggested by the following findings: 

It has been showm by Morrison and Anderson 
(1942) “that the malaria pigment is hematin. Sa- 
line or phosphate buffer extracts of reciystallized 
hemin (hematin monochloride) are not antigenic 
when used in precipitative tests or in complement 
fixation tests. IMoreover, the activity of antigens 
is wholly unrelated to their pigment content. 
Removal of the pigment from parasite extracts 
or solutions does not destroy their antigenic 
properties. 

Lipids extracted from wet or dried parasites are 
not antigenic; furthermore, barbiturate buffer ex- 
tracts of lipid-free, dried parasites are inactive. 

Ether treatment of dried parasites, preliminary 
to saline extraction by freezing and thawing, re- 
duces greatl}’’ or destroys the antigenic properties 
(Dulaney, Stratman-Thomas, and Warr, 1942). 

If wet parasites are first extracted with acetone 
containing 1 per cent HCl by volume, the residue 
does not yield antigen by any of the methods 
which are othenvise productive. 

No evidence of a carbohydrate in filtrates of 
h 3 'drol 3 ’’sed parasite preparations has yet been 
demonstrated through use of copper reduction 
methods. The method of Tillmans and Phillipi 
(1929) for detecting carbohydrates, as modified 
by Sorenson and Haugaard (1933), and frequently 
used in protein studies, cannot be applied since 
strongly positive reactions are obtained when 
hematin is present. 
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2, The anfi^cnic properties of saline, phosphate, or 
barhiiuratc bnjfcr extracts arc not destroyed by heating 
in a neater bath at 56°C.for 30 minutes, 75^C*for 

15 to 30 fninutes, and JOO^C.for 5 to IS minutes 

Heating at 56®C. for 30 minutes docs not affect 
the antigen as shown by comparison with un- 
heated samples, but exposure to tlie liigher tem- 
peratures reduces the activity by two to tlirce 
dilutions. 

Heating produces flocculation of pigmented ma- 
terial to an extent roughly proportioned to the 
temperatures and times to wljidi the preparation 
is exposed and subsequent centrifugation yields 
an opalescent supemate with amorphous browm 
deposit Tlic supemates from extracts heated at 
the higher temperatures are practically colorless. 
However, supemates from preparations containing 
large amounts of pigment arc sometimes found to 
be inactive after heating at 75® to 100®C. which 
suggests that the antigen is adsorbed on the floccu- 
lated pigment and removed with centrifugation. 

Neither heated nor unheated antigens are stable 
indefinitely. 

3, The pigment may he materially reduced by freezing 

or by drying phosphate buffer extracts 

Freezing will flocculate most of the pigment in 
phosphate buffer extracts with the exception of the 
first highly colored preparation. Dr>dng of phos- 
phate buffer extracts by means of a vacuum pump 
and rehydration by 0.9 per cent NaCl and centrifu- 
gation yield almost colorless antigens. These 
preparations are almost as active, in some cases as 
active, as the original extracts. 

4, The malaria aiitigcn docs not dialyze when left in 
semipcrmcahle membranes suspended in 0,9 per cent 

NaCl or loatcr at 5®C. 

SUMMARY 

1. The antigenic material of P. knoivlcsi para- 
sites is only slightly soluble in saline, more soluble 
in phosphate or barbiturate buffers of pH T.S-S.S, 
and completely soluble when NaOH is added to 
buffer extracts to give a pH of 9.0 or above. The 
alkalinity of the phosphate and barbiturate buffers 
probably account for their efficiency’' as antigenic 
extractives. The use of such reagents was sug- 
gested by the knowledge that P. knoxvlesi parasites 
are soluble in 0.5 N sodium carbonate (Sinton and 
Ghosh, 1934), 

2. Phosphate or barbiturate buffer extracts are 
6~8 times more active than the saline antigens. 


Since 0.5 gm. dried parasites represents the average 
yield of parasites per monkey it may be estimated 
that such material will furnish 36,000 to 49,000 
antigenic units by extraction with phosphate buffer 
in contrast to 7,000 obtained by saline extraction. 
These antigenic units represent, respectively, 9,000, 
12,250 and 1,750 doses. 

3. Sodium hydroxide solutions of parasites are 
not satisfactory antigens. 

4. It now appears tliat dehydration of phosphate 
buffer extracts of wet or dried parasites may offer 
a highly efficient method of storing malaria anti- 
gen. The practical aspects of this mcUiod are now 
being investigated. 

5. Tire present experimental cvddence suggests 
that the antigen is a lipid-protein complex but 
a carbohydrate factor has not been entirely elimi- 
nated. 
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The bod}’ louse {Fed ic ulus huvianus corporis 
Degeer) has been reared in large numbers in the 
laboratory at Orlando, Fla., for use in investiga- 
tions of control measures for this insect. The 
purpose of this paper is to discuss the methods and 
technique used in rearing and maintaining a large 
colony of lice. Precise data on the biolog}'' of the 
body louse are not included, since this phase of 
the work is still in progress and will be reported 
later. A daily average of approximately 1 ,200 lice 
and 875 eggs, or a total of approximately 1 ,325,000 
lice and eggs, have been used in the experiments 
on control measures during the period of May 1942 
to October 1943. 

From a small number of lice that were collected 
from healthy individuals and were fed upon the 
blood of men that had shown no evidence of dis- 
ease, it was possible to develop a colony of lice 
that were free of infection. 

The colony is maintained in an incubator at 
approximately the same range of temperature (86® 
to 90® F.) and relative humidity (averaging above 
75 per cent) as described by ^loore and Hirsch- 
felder.^ The lice are kept on loosely woven patches 
of woolen suiting cut approximately 14 inches 
square with pinking shears. The preferred color 
is dark blue or black, since both lice and eggs are 

^ Grateful appreciation is c.xprcsscd to R. C. Bush- 
land, who established and maintained the original 
stock, some obtained by him in Orlando, and the 
majority collected by W. E. Dove in tVashington, D, C. 
G, W, Eddy was responsible for the louse colony during 
]March and April 1942. N. B. Carson assisted ma- 
terially by feeding and maintaining the louse colony 
from June to November 1942. 

= Thc data included in this were obtained in con- 
nection with investigations conducted at Orlando, Fla., 
under a contract, recommended by the Committee on 
Medical Research, between the Olhcc of Scientific 
Research and Development and the Bureau of En- 
tomolog}’ and Plant Quarantine. 

^ Moore, \Y., and Hirschfelder, A. D. An investi- 
gation on the louse problem. Minn. Univ. Res. Pub., 
S (4), 86 pp., 1919. 


more readily visible on dark than on pastel shades. 
In addition to furnishing favorable footing, loosely 
woven patches adhere to one another better than 
smoothly woven or hard-finished materials, which 
is an aid to the technician in the feeding process. 

Each patch of cloth supports approximately 100 
adults. Obviously the smaller the lice, the more 
can be maintained on a cloth patch. The patches 
with the lice are kept in cr}^stalii 2 ing dishes 8 to 
10 inches in diameter, as shown in figure 1 . Forty 
to 60 patches containing a total of 4,000 to 10,000 
lice, depending on the size of the lice, are carefully 
placed so they will cover a circular piece of half- 
inch-mesh hardware cloth cut to fit the bottom of 
the dish. The wire meshes hold the patches off 
the bottom of the dish so that the parasites have 
freedom of movement on both sides of the cloth. 
Cr}^stallizing dishes are used for the reason that 
lice cannot crawl up the sides of glassware. 

The colony is separated into lots according to 
age by removing the adult lice from the egg patches 
every 48 hours to assure a continuous supply of 
eggs for rearing the colony. The separated egg 
patches become a new egg lot, and are placed in 
a beaker of appropriate size, on which the date is 
labeled so that the time of hatching may be 
anticipated. 

After the eggs hatch, the nymphs arc allowed 
to remain on the same cloth patches until they 
become adults, when they are transferred to clean 
patches.. When the nymphs become crowded as 
they increase in size, additional patches are added 
to the lot. If the lice are maintained on the same 
cloth during nymphai life, it becomes soiled with 
molted skins and excreta, which necessitates clean- 
ing. Cleaning is accomplished by first spreading 
the cloth patches containing the lice in a shallow 
pan and dr}'ing them by use of an ordinary^ electric 
lamp. The dn^ patches are then rubbed lightly 
together with the hands, and the debris is shaken 
out while the lice hold to the cloth. In addition 
to the patches, all glass containers are cleaned at 
regular intcn^als. 
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The lice are fed on research subjects, who are 
used also for other assignments connected with the 
projects. As nearh’’ as practicable, tlie colony is 
fed at 12-hour intcr\^als, once in tlie early morning 
and once in the late afternoon. The feeding 
process consists of placing tlie cloth patches con- 
taining the lice systematically across the back of 
the subject, leaving a space approximately 1 indi 
wide between the different lots. After the cloth 
patches arc placed on the subject, most of the 
adult lice immediately go under .tlie cloth and 
begin feeding. The njTnphs do not ;go beneath 
the patches so quickly as the adults, .and to hasten 
them ordinary electric lights arc held for a short 
time about 12 inches above the insects. Lice are 
repelled by the light and heat of the dectric 'lamp 
and go -under the cloth patches, where they come 
in contact witli the skin and start feeding. 

As a precautionary measure against becoming 
infestedj the research subject removes his clothing 
before the lice are fed. After the feeding process 
has been completed, most of the lice cling to the 
patches, which are removed from the back of the 
subject and returned to .the cr^'stallizing dish. If 
lice remain on the subject after the patches are 
removed, they are taken off with forceps, and as 
a further precaution a towel is rubbed over the 
back of the subject to remove any that may have 
escaped notice. 

Lice feed readily, and the entire operation, which 
includes placing and removing tlie lice and dressing 
the subject, is finished within a period of 30 to 45 
minutes. As many as 30,000 to 40,000 lice may 
be fed, as shown in figure 2, at the same time on 
the back of one subject. As many as 100,000 lice 
and an equal or greater number of eggs have been 
carried in the colony at one time. With few excep- 
tions, the research subjects have not been required 
to feed tlie colony more often than once per week. 
In four instances, however, research subjects vol- 
untarily fed approximate!}'' 40,000 lice each on tivo 
successive days without any apparent ill effect. 
Two subjects have been observed sleeping soundly 
during the process of feeding the lice. 

There is a wide difference in individual reaction 
to louse feeding. Some subjects display no visible 
reaction and experience only a slight, transient 
sensation of itching, while others develop from 
slight to conspicuous dermatitis, which persists for 
2 or 3 days. Relatively few subjects (fig. 3) who 
have been employed to feed the lice reacted so 
severely that they could not serve again in this 
capacity, but all apparently were normal in 7 to 


10 days. ^lost of the 40 research subjects now 
employed to feed mosquitoes and lice have been 
feeding lice at regular intervals for from 6 to 18 
months. All apparently are in as good health as 
when they were originally employed, and periodical 
physical examinations - have .shown no ill effects 
that could be attributed to feeding of the insects. 

A method 'involving a simple device which saves ’ 
.excessive time and hand labor has been used in 
rearing the large colon}'' ,of lice. The device con- 
-sists of a piece of .oae-eighth-inch-mesh hardware 
doth, cut to a convenient size, which is used to 
fcombine or to transfer lice to -a few or to new 
-doth patdxes. To combine or transfer the nymphs 
or lice, the -screen wire is used with a small, shallow 
pan -fitted inside a large pan containing water. 
Patches of cloth, to \vhich the transfer .is to be 
made, are placed s}"stematically in the small pan. 
The screen wire is placed over the dean doth 
patches, and the patches containing the lice are 
placed .on the screen wire. Electric lamps are 
arranged about 12 inches above the lice to produce 
a repellent effect. Water is -used in the large pan 
to produce a cooling effect on the doth oinder the 
\dre. A temperature above 105°F. in the small 
pan should be avoided in transferring adult lice 
from patches containing eggs, since the eggs are 
likdy to be injured by this e.xposure. 

Rearing and maintaining a laboratory colony of 
body lice under conditions of high relative humid- 
ity has serious disadvantages. If the humidity 
in the incubator reaches 85 to 90 per cent and 
remains that high for a few hours, the colony may 
be affected adversely. This apparently is due to 
the fact that excreta do not dry readily in moisture- 
laden atmosphere, causing the doth patches to 
become wet and the lice to stick together and to 
the glass container. Favorable conditions for mass 
rearing require a temperature ranging from 85° to 
90°F. and a relative humidity below 75 per cent. 
Obser\'’ations being made on the optimum condi- 
tion of humidity have not been completed, but 
suffident evidence has been accumulated to show 
that an excessively high humidity will seriously 
affect the survival and reproduction of a laboratory 
colony of these insects. 

Observations have been made on the mortality 
and reproductive capadty of lice under laboratory 
conditions and are being continued. Under the 
conditions of mass rearing described, the lice live 
and reproduce in a satisfactory manner to provide 
a strong colony for subsequent research on control 
measures. 
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a5 a irultle tu the kIcnth1c:slson and dclcctjon 
of the protf^ro.tn |»a?aMter.of n:nn. It in very brief and 
in the tcvicwcrj ojunton, of value l>ccaunc of 

the brevity of th.e dc^^rriplionn of the ur;%inisnn ct»n- 
5 klera!. Honvcvrf, the author guir5 lint ii h haned 
xiiy'^n hh nutw that %vcre used in an **e:s)crj;cricy ovur^e 
oflcrctl at the Utuvcrrlly*^ and perhaps one would ht 
ardani; much Xo expect a tliorouf:h Ci>n5ldcration of 
the subject. The material that is pr created is aauiratc 
and the volume would undauhtc<Uy be of value to 
certain students tluriny a course u|v>n proto^wbfry. 

The resdewer rr^trcls that Dr. Kudo has seen fit to 
adhere to the rpellinir *‘Kntatnorba/’ instcatl of 'dvnd- 
amoeba*’ in dcfcribinj:: the amoebae occurrini: in man, 
cs])ccialiy in a Iwk intended for American students, 
lie is the only writer in this countra*, so far as the 
reviewer knows, who uses this spdUnft. It would have 
been much heller had he followed the rulini: of the 
Internationa! Committee of /9v>U)pca! Nomenclature, 
and uset! the spellinfi recommended by it as preferable, 
be. ‘‘Endamoebad* 

ClIAS. l\ OlMO. 


dfiVfurra/uV Tcchrii^ite in cui Meiidnf. Ily 

E. V. Cownnv. Prtde^^Mr of Anatomy, Washington 
University etc.. The Williams Wilkins Company, 
Hallimore, Mti. 1953. Pp. idv, 

Inis b>>k is a most ctcdlenl comnilatian in alpha* 
lictical form of the tcchnhpjc? employed in biology and 
medicine in the laboratora* and is really a dictionary 
and en cyclopaedia of such techniques. TIic alpha- 
betical arrangement is most useful and the volume 
should prove of much value to cver>* lalwratorx' 
technician and research w’orkcr. The amount of ma* 
t trial considcrc<l is great and the method of presenta- 
tion lucid arid as brief as is consistent snth the im- 
j>‘Ortarice of the technique clcscrihctl. 'Ok resdewer has 
hatl c<ca5;on to refer to this worl: rej^tcdly and has 
invariably found the material lie desired and lus ex- 
perience will Ivc th.il of all others wdn h.avc the good 
fortune to p'lA^rss this very useful technical guide. 

One of the most valuable features of the svork arc 
the references to the original descriptions “of technical 
methods or to complete discussions” of methods and 
these references arc given with the de.'^rription of the 
technique, so that time and hl>or arc conscrs'cel. 

This book can be coni i ally recommended to all 
who have to do svith laboratory* methods used in 
biology or medicine. 

On\s. F. Craig, 
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Gregory Bateson has said concerning a far 
eastern people, “one of the most pressing problems 
in a world which is becoming increasingly close- 
knit is that of mutual understanding between 
peoples with basically different cultures. Each 
may have in the background of his mind a whole 
mass of thoughts and values and interpretations 
of the w'orld which are specifically his. The 
white man has his notions of competition, sacrifice, 
fair play, justice, checks and balances, democracy, 
discipline and so on, the native correspondingly 
may have in the back of his mind his ovm inter- 
pretations of life, his feeling for symmetry in 
human relations, his notions of the sacred and 
the unclean, of gift exchanges and the validation 
of social events.” 

This difference of perspective is a powerful 
factor determining the direction and the progress 
of development. It has its origin in the cultural 
inheritance of the people whether that be the 
product of an andent highly developed civilization 
as in China, or the superstition and tradition of a 
primitive race gradually emerging into the modem 
world as is the case in parts of Africa. 

These differences of perspective become of 
partic^ar importance in countries where a major 
part of the population is uneducated, and in 
countries where the population is composed of 
uddely different racial stocks, each with different 
fundamental concepts. Such a social organization 
implies wide differences in beliefs and practices 
between the individual groups. Foreign ideas 
must be related to these beliefs and practices if 
they are to be received with understanding and 
cooperation. Furthermore, different methods of 
approach may be necessary to deal effectively 
with the different radal groups within the same 
country. 

Many of the Central and South American 
countries present a unique problem with a highly 
developed modem dviiization in immediate 

'An Address Delivered at a Conference on Inter- 
American Affairs held by The Inter-American Institute 
of The University of North Carolina, Jime 23, 1944, 


proximity to large, uneducated and wholly 
undeveloped population groups. Furthermore, 
extreme Variations in climate between the lowlands 

r 

and the high mountain areas are responsible for 
a wide range of disease endemidty. These 
cultural and environmental factors differing 
wddely from one country to another and between 
different areas within the same country, create 
certain common problems which affect directly 
the development of public health practice. 

In the initiation of a broad public health 
program for such regions, therefore, two pre- 
liminaiy surveys must be conducted before detailed 
plans for operation can be made. These must 
provide spedfic answ^ers to two fundamental 
questions: 

1. What are the medical problems? 

2. What are the sociological, and anthropo- 
logical or cultural factors which must be 
considered in orienting the technique of 
attack against these ^medical problems? 

The parricular problems necessarily will vary 
in detail from one region to .another. However, 
they will include certain common fundamental 
factors which must be recognized a priori and 
which must determine the particular orientation 
and the detailed method of approach if the opera- 
tion of a public health plan is to be successful. 
These basic factors are: 

1. The epidemiology of the important diseases 
is profoundly affected by the sodal patterns 
and practices of the people, 

2. The cultural background of tradition and 
belief concerning the cause and - cure of 
disease frequently renders modem public 
health practices meaningless to the people. 

3. Differences in interpretation of and evalua- 
tion of life are a' barrier to mutual under- 
standing between groups with different 
cultures. 

4. General educational limitations of large 
portions of the population. 

5. Lack of adequate medical care for the 
population in many areas. 
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6. Lack of trained public health personnel. 

7. The economic status of certain of these 

V. 

countries, and* particular^ ofx the rural 
areas. 

GENERAL BACKGROUND OF PUBLIC I5EALTH IN 
CENTRAL AND SOUTH AMERICA 

The countries of Central and South America 
arc vast and bewilderingl}’' varied in their climate 
and gcograph 3 \ There is a wide division in the 
population between the two main groups — Spanish 
and inestica on the one hand, and Indian, on the 
other. The Indians again are split into tribes, 
with totally different social patterns and cultural 
values, as for example, the agricultural Indians 
of the mountains, and the forest Indians of the 
Amazon. These main groups are infiltrated by 
smaller population streams of European and 
African origin. The metropolitan areas of these 
countries display the highest forms of western 
civilization, wealth, broad culture and cosmopol- 
itan education, with brilliant representatives in 
the arts and sciences. The great rural areas are 
marked by the other extreme of isolation, poverty 
and illiteracy. This contrast is due in part to 
underpopulation, the lack of adequate communi- 
cations and the difficulty of transportation. 

For example, in Peru alone ail types of climate, 
scenery and vegetation from tropical to subarctic 
are found. The narrow coastal plain consists of 
sandy desert and arid hills, interspersed with 
irrigated green oases. The}" spread out like the 
palm of the hand where rivers descend from the 
Andes to the sea. These fertile areas are agricul- 
turally very rich and support large estates of 
sugar, cotton, rice and other products. The 
agriculture is mechanized and the mestizo (mixed 
stock) labor is highly organized. The larger towns 
of Peru are found chiefly in this coastal belt. The 
Sierra, or high valley region of the Andes lying 
betw'een 7,000 and 12,000 feet is occupied by 
some 2~3 million people of pure Indian stock. 
They are occupied in agricultural and pastoral 
activities, with the‘ exception of some thousands 
in tlie mines. Peruvian statistics show that the 
major portion of them are illiterate. Almost 
half work on large estates and have no land 
rights. To the east of the Andes lies the Montana 
a- part of the upper watershed of the Amazon 
River, covered with dense tropical jungle and 
probably of great potential agricultural wealth, 

■ The population is gathered mainly along the 


rivers and is of Indian and raked stock. In 
the dense jungle of this area there are also semi- 
savage forest tribes. 

The main urban centers present all the refine- 
ments of \vealth and modem civilization. The 
population of these communities consists of the 
leading group of Spanish stock, an intermediate 
group of educated skilled workers of mixed stock 
and a larger group of illiterate and unskilled 
workers living at a very low economic level. 

MEDICAL PROBLEMS 

The medical problems of South and Central 
America are extremel}" varied. Tuberculosis is 
a major health problem in many countries. 
Infant death rates are excessively high in others. 
T 3 "phus, malaria, pneumonia, smallpox, venereal 
disease, malnutrition and hookworm infestation 
are likewise of major importance In man}" areas. 
The governments and leaders of these countries 
have recognized the importance of these medical 
problems. They are dealing with them actively 
and are desirous of haidng help in their solution. 

It is not possible to present a detailed picture 
of national public health sendees in the other 
Americas. There is a very live and increasingly 
active interest in public health in ah these coun- 
tries. AH have organized National Departments 
of Health in the capital cities, and are developing 
with well defined objectives. Ail displa}" a very 
keen desire to utflize sound modem principles of 
public health organization. Like our own ser\dces, 
their evolution is marked by problems of coordina- 
tion and integration and, as has been the case in 
the United States in the past, development has 
been handicapped not infrequently by politics. 
Over a number of 3 "eaTs, United States agencies 
have given cooperation in various wnys for the 
promotion of health in these countries, especiall}" 
the Pan American Sanitar}" Bureau, The Rocke- 
feller Foundation, the ChUdren^s Bureau and the 
Health and Sanitation Division of the Office of the 
Coordinator of Inter-American Affain. Through 
the latter office cooperative hoilth sendees have 
been organized with the governments of the other 
republics, as an integral part of their National 
Departments of Health. This macliinei}" con- 
stitutes a pioneer venture in a new t>q5e of cooper- 
ative service, uniting the governmental agencies 
of tliis and other countries. ' Technical field 
parties sent from the United States are supple- 
mented b}" local personnel, just as funds and 
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equipment arc supplied by both the United 
States and the participating Republics. 

The major present problems are the provi- 
sion of adequate sendees and sufficient trained 
. personnel to provide preventive care for the 
masses on a country- wide basis. In some 
countries, public healtli organisation is still 
directed only to the control of certain specific 
communicable diseases which have assumed 
importance in particular areas. The more mod- 
em concept which implies localizing all health 
activities fqr a community in a Health Center, 
administered by a full-time public health doctor, 
which provides complete well-balanced services 
through care of the family unit, is not generally 
understood nor applied. Although the Inter- 
American Cooperative Health Ser\dce is assisting 
in the development of such modem Health Centers, 
these are located principally in the larger cities. 
None of these countries provide adequate public 
health services for their vast rural populations. 
Some have practically none outside the main 
centers of population and even then* the services 
are frequently insufficient. ^ 

These factors of race, culture and beliefs, the 
general level of education and the economic 
status of the population combine with the 
existing deficiendes of public health philosophy, 
organization and practice to produce innumerable 
specific local problems each of which may require 
a different technique for solution. Some of the 
varied combinations of these factors are indicated 
by the following illustrations: 

i. Lack of adequate medical care 
Medical care of the people has to be a' function 
of the health services in many areas of these 
countries. Provincial areas with rural populations 
at extremely low income levels cannot provide 
adequate incomes for private doctors, nor even 
purchase essential medicines if tlie doctors^ 
services are furnished free of charge. Thus, > 
in the Amazon Basin, where Inter-American , 
cooperative health work is being undertaken, the 
construction of small hospitals or centers with 
•beds is the first and immediately urgent step in 
the community health program. ' Provision of 
medical care is essential because of the great 
amount of sickness. It is of value also in gaining 
the confidence of the people and providing the 
opportunity for imparting elementary instruction 
in the prophylaxis of, the important communi- 
cable diseases. 
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2. Disease problems related io the local beliefs and 
practices and to the concept of cause and 
cure of disease 

The epidemiology of a disease is modified by 
the sociologic pattern of the community as well 
as by the variations in physical environment. 

Special sociologic problems may greatly , affect 
the epidemiology, of a disease in a particular 
community. Thus in Bolivia, there are twb 
areas — Cochabamba, with its broad valley at 
9,000 feet, and Chulumani in the lower, ranges 
of the eastern Andes at elevations of 3,000 5,000 
feet. Both areas have a malaria problem and 
both have ^e same vector: A. pseudopunctipennis. 
In Cochabamba, the mosquitoes go to the people 
from breeding places in irrigation streams and 
resen.^oir water. In Chulumani, the ’men and 
boys go to the mosquitoes because of the practice 
of guarding ripening crops in the valleys through 
the night from thieves and sleeping by the 
streams. So marked is the increased exposure 
to the, bite of mosquitoes through this practice 
that there is a much higher incidence of malaria 
among the boys and men than in the girls and 
women, since the latter do not leave the villages 
on the^hills. 

The empiric knowledge of even an illiterate 
people concerning the epidemiology of a local 
disease may determine the continued endemicity ^ 
of another, and it may defeat efforts for control. 
In Peru, the western valleys of the Andes leading 
down to the sea have two major health hazards, 
malaria at the lower altitudes and Oroya' fever in 
the 800-3,000 meter altitude. The range of the 
malaria' vector A. pseitdopunciipcnnis^ axtaxidSi 
well up into the Oroya fever areas. If mosquito 
control neasures could be extended into the upper 
valle 3 '‘s, malaria unquestionably could be elimin- 
ated. This is not practical, however, since the 
people have learned that remaining in the upper 
vallej^s over-night is attended b)' grave risk of 
acquiring Oroya fever, a highly fatal disease 
transmitted by a night-fl^dng black fly, a species 
of Fhleboibnius. In consequence tlie anopheles 
mosquito, despite control measures in the lower 
valleys, is constantly spreading downward from 
the uncontrolled higher altitudes. 

Some knowledge of the customs and beliefs 
of the Indian peoples is a prerequisite for success 
in establishing a maternal and child health pro- 
gram. When in Bolivia, I was told that infan- 
tidde was not uncommon' among the large 
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Indian populace in La Paz, and that abandoned 
infants were throTO down into the ri\»'er ra\dne. 
However, reading later a study of the Ayxnara 
Indians, I learned that it was not the custom of 
the tribe to bur>’' stillborn infants. They were 
thrown into a nearby river or Lake Titicaca. 
An understanding of this would alter the apparent 
significance of the problem for the Maternal and 
Child Health worker. 

The concepts of the Indians concerning the 
causes and cure of disease must be considered 
seriously in the institution of dinic services. 
Customary procedures may need to be exten- 
sively modified to meet these beliefs and to re- 
tain the confidence of the prople. The individual 
medical problem involves much more than the 
technical procedures of diagnosis and treatment. 
Native medical art makes strong appeal to the 
emotions in contrast to our scientific procedures. 
Our detached attitude -toward the patient and 
the disease may easily be misunderstood. To 
them the manner of treatment is as important as 
the method. Among many different culture 
groups, including the Indian, the treatment of 
a sick person is a '^community act,” not an individ- 
ual matter. The family and all who are present 
take part in the ceremonial of treatment and 
believe that, by the mere fact of their presence, 
they contribute to influence the course of the 
disease and to aid the patient. In such a society 
insistence upon private examination and appli- 
cation of unmodified conventional methods of 
therapy will arouse both fear and distrust. 

Sociological factors, however, are equally opera- 
tive in health work in the metropolitan areas of 
these countries. The social values of the leading 
group, the type of education and the concept of 
w'oman'^s place and functions in society all have 
had marked effect on the development of public 
health work in the past and call for spedal orienta- 
tion of the program. Some of these attitudes 
have served to disparage nursing, which has been 
regarded as semnts’ work, while encouraging 
community work through soda! service. The 
result is that in many of these countries, there are 
no public health nurses of professional standing. 
Giinic work and follow-up home visiting are 
undertaken only by sodal workers. 

There is a further psychological factor of the 
highest importance in the development of a 
public health program in new areas. This is 
the personal relationship between the field worker 


and the people. Among undeveloped population 
groups human relationships are ail important 
In a highly educated sodety, on the other hand, 
the difBcult or uns>mipathetic personality may be 
accepted because of his professional contributions. 
This is not the case, however, in a back^^ard and 
unsophisticated population. Selection of indmd- 
uals, therefore, must be made with care, and 
frequently they must receive detailed instruction 
concerning the sodely with which they are to 
work. Without direct and s^onpathetic personal 
relationships a plan however desirable will not 
win the cooperation of the people. 

• J. Ediicalmial and economic factors 

In the countries under discussion, there is 
great disparity between the need for and ^the 
supply of well-trained personnel. Urban centers 
require more than are at present available, and 
professional!}'' trained people naturall}'' do not 
seek emplojmient in backward areas, isolated by 
mountains and jungle. The economic status of 
many areas likewise precludes the emplonnent 
of adequate numbers if they were available. 
These t\vo factors necessitate no inconsiderable 
modification of United States techniques which 
are based upon adequate fuU-time professional 
public health personnel, ample funds and an 
educated public. They call for spedfic orienta- 
tion of public health work to an education 
program for the preparation of public health 
personnel and for -^ridespread health education 
of the people. They call also for simple and 
relatively inexpensive programs of preventive 
care, which are within the finandal abiht}’' of 
the state to provide. 

It has been demonstrated in many areas of the 
world that effective public health programs can 
be carried out at varjing levels of expenditure 
when adapted properly to meet the local situation, 
provided the prior undecstsnding and cooperation 
of the commuzuty is obtained. Such cooperation 
implies a large degree of voluntary partidpation 
by the people. Obviousl}'’ such a program must 
be limited in scope and its objectives must not 
exceed the capabilities of the community. Fur- 
thermore, it must be linked directly to the develop- 
ment of other sodal and educational activities if 
it is to become firmly estabhshed. 

The need for health education is everywhere 
apparent in urban and rural areas alike. In 
many regions also there are signs that the people 
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arc a\\’arc of their need for health protection 
measures but arc umnstructed and ignorant of 
how to acliicvc them. Control measures accepted 
by a community witliout instruction as to their 
purpose arc seldom effective, as the following 
illustration demonstrates. There is a \tist, 
little-known jungle region along the Abuna River, 
one of the headwaters of the Amazon on tlie 
borders of Bolivia and Brazil. The entire popu- 
lation scattered along the banks is axtrcmely 
isolated and has been without doctors or medical 
care otlicr than drugs obtained from the store in 
the larger settlements. Malaria is prevalent 
throughout the area. The houses arc built of 
wood, supported several feet above the ground by 
posts. The floors arc of split palm with many 
cracks and spaces opening to the exterior. Al- 
though mosquito nets, supplied by the local 
stores, arc widely used, they arc of no value since 
at night the people do not dose them at the bottom 
and mosquitoes enter freely through the openings 
in the floor. 

The different evaluation of life due to different 
cultural backgrounds is a profound problem for 
the foreign health educator, because certain 
factors which we know to be detrimental to the 
welfare of a group arc regarded by them as an 
asset. What, for example is the healtli education 
approach to the following? Goitre is a major 
health problem in some of tlic high valleys of the 
Andes. In some districts, the enlargement of 
the neck due to this condition is regarded as a 
physical asset and girls with thyroid enlargement 
obtain husbands more readily than those without. 

METHOD or APPROACH TO THESE PROBLEMS 

These are the problems in broad outline. They 
are the problems of all countries that have large 
rural areas and a large proportion of the population 
existing at low' economic and educational levels. 

The institution of public health practice in 
such regions is not just the establishment of 
administrative machinery. The initial step is 
education as to W'hy public health administration 
is needed and how it can benefit the people 
individually. The problems of these areas demon- 
strate that public health practice is nothing more 
nor less than education for living through the 
translation of technical medical knowledge into 
community activity. 

Western medicine has provided a blueprint of 
public health - organization and administration 


which is the admiration of the world. It has 
provided guiding principles for health programs 
■in many countries. It has not developed tech- 
niques for translation of this technical know'ledge 
into practice, successfully and . completely for 
population groups at low socio-economic levels. 
This is the outstanding public health problem of 
the 'world today. Inherent in this question of 
mass health education is the problem of the pro- 
vision of public licalth personnel trained to give 
health instruction while providing technical 
sendee. 

The solution lies in a change of emphasis in 
public health education at professional and 
postgraduate levels. Curricula must be reoriented 
to provide instruction for personnel at all grades 
so that tlicy may become an effective force in 
direct health instruction of people w’ho must be 
taught to protect themselves. 

A new orientation of professional public health 
personnel is required in order to give greater 
emphasis to their function as educators and 
instructors. Instrucrion should include orienta- 
tion in the cultural and environmental factors 
characteristic of the area to which they will 
return so that they may translate effectively 
to the people tlie scientific facts and methods 
W'hich they need to know\ In post-graduate 
W'ork public health students should be taught 
that one of their principal actmties on their 
return to their own country 'will be to train others. 
Strategic posts in the public health services of 
Latin America should be filled in so far as possible 
by individuals who have had formal professional 
training, and these officers must function not 
only as administrators but as guides and teachers 
for less qualified staff members. Such instruction 
can be given effectively only in the health center, 
not in an academic classroom. ' 

Real understanding of this need, and suitable 
preparation of the topranking professionals to 
give . practical instruction to their immediate 
subordinates in the course of their professional 
acti'vities as public health officers, health center 
directors, sanitary engineers, bacteriologists, or 
professional public health nurses, could in a 
few years greatly improve the level of operation 
of the rank and file of the health service — 
without the cost of special courses and high 
salaried educators. 

The preparation locally of technical public 
health personnel is of primary concern to public, 
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health departments where public health doctors 
and other public health professional workers 
arc so few in relation to the need. 

There are divergent opinions regarding the 
development of public health training in foreign 
' countries. One group considers that professional 
training at the highest levels of education alone 
should be undertaken with direct service by 
• professional staff. This service udth high pro- 
fessional standards, the}’' contend, 'will gradually 
spread from the main urban centers out to the 
rural areas. However, at the rate at which 
thoroughly competent individuals are trained in 
most of the countries under discussion, it will 
be many years before there can be a country^- 
wide service on a professional basis. Further- 
more, the cost of this t}^e of public health 
serxdce would be prohibitive for most areas. 

The second group considers that professional 
> training must be stimulated to tlie utmost at the 
urban centers and direct ser\dces at professional 
levels rendered where possible. In addition 
professionally trained public health personnel 
should be used for instruction and supervision 
of a much larger group of technical workers who 
will actually carr>’' out the direct service to the 
community. Such a plan can be accomplished 
at a cost within the resources of the poorer provin- 
cial areas. 

Preparation of technical workers at different 
levels of education adjusted to the general 
development of the area has been undertaken in 
different parts of the world with vai^^ing success. 
Such trainmg can be effective in reducing infant 
mortality and disease morbidit}’’ rates when it is 
carefull}’' planned, conducted by well qualified 
professionals, and when a regular system of 
refresher courses is provided for continued in- 
struction of the workers. The movement for 
the reconstruction of China, inspired by Dr. Yen, 
has evolved a system of rural public health, the 
. key to which is instruction of the people to do 
their own public health work,- Handicapped by 
' extreme povert}", no elaborate scheme of preven- 
. tive care could be considered. Handicapped 
also by an extreme dearth of professional doctors, 
the people are sho\vn how to guard their own 
health in 'their own village by their own village 
health worker, who is trained in certain specific 
preventive care activities. Serious medical con- 
ditions are passed on to a doctor in a subcounty 
health center. This in turn is sensed by the large 
county health center which has hospital beds and 


trained doctors and nurses. Thus the system is 
economical of professional personnel and low in 
cost. Discussing the training of these health 
workers, Dr. Yen relates how Chinese doctors 
graduated in public health in the United States 
had to be reeducated and taught methods which 
are suitable for Chinese villages. 

Because of the great amount of preventable 
disease in man}^ areas of Central and South 
America, community workers %vith sound medical 
tedmical training are essential to ensure success 
of a community health program. Health educa- 
tion through schools and other agendes must be 
supported by medical workers in the community. 
The preparation of these health workers at 
elemental}" levels of general education is a highly 
specialized problem requiring different techniques 
of approach, in different regions and for different 
races. The indmduals to be trained must be 
responsible members of the community in which 
they are to work and they should have had the 
best education that is available in the area. 
They have two functions which are completely 
integrated. 

a. The performance of certain tedmical medical 
activities within the community. The male 
worker ma}" have such duties as vaccination, 
registration of births and deaths, certain sanitar}’' 
duties and, it may be, the giving of certain simple 
treatments. The woman worker has responsibili- 
ties in supendsion of and instruction in home 
sanitation, infant care, nutrition, simple home 
care of the sick and home delivery ser\dce. 

b. The}" must, in can}dng out their technical 
duties, at all times give health information and 
guide the people in de\"eIoping their own health 
protection. 

Their major function then, is vtsiruction 
through demonstration, or “showing how while 
saying why.^’ For the performance of these 
duties, sound technical training is required, based 
on an understanding of the cause of disease and 
the prindples underlying sanitary and hygienic 
practices. 

Throughout the course of instruction for these 
workers, emphasis must be placed on the techniques 
for imparting technical knowledge to the uneduca- 
ted and uninstructed. This requires not only the 
careful integration of Health Education 'with 
every phase of the instruction but likewise the 
active assistance pf health educators in the 
training program. 



- , ‘ PUBLIC HEALTH AND 

METIIODOIOGV OP ELEmNTAHV HEALTH INSTRUC- 
TION OP THE PEOPLE, ^^TCH PARTICULAR REFER- 
ENCE TO THE MATERNAL AND CHILD HEALTH 

PROGRAM 

Health departments have realized that it is 
useless to plan a public health system requiring 
an arm}^’ of full-time workers even at the non- 
professional level in the areas of which we are 
speaking. The people must be taught to protect 
themselves. This can be accomplished most 
rapidly by the introduction of health education 
in the schools and an approach to the adult 
population through local leaders. There are men 
and women in everj*^ community whether in urban 
street or tribal village, who are potential leaders 
and who influence the thought and action of 
their neighbors. They can become leaders in 
healtli activities when their interest has been 
aroused. The preparation of these local leaders 
has a twofold objective; information for themselves 
and preparation to pass it on to their neighbors. 

At the present time, therefore, there is great 
need throughout the world for the development 
of techniques for the presentation of medical 
knowledge in much simpler fashion to groups at 
lower levels of general education. An incentive 
sufficiently strong to alter life-long habits can 
only be created by genuine understanciing of the 
causes of disease and of the reasons underlying 
measures for disease prevention. The attempt to 
cliangc the daily habits and attitudes of a lifetime 
is a stupendous task at best. It cannot be 
successful unless the teaching techniques are 
carefully adapted to the educational standards 
and the cultural background of the particular 
population group. Interest must first be aroused, 
which is no easy matter since people have no 
desire to cliange lifelong ways of doing things. 
Next, the truth must be convincing and, finally,- 
the importance of the facts must be brought home. 
Unless people are convinced of the truth and of 
the importance of the new ideas, knowledge will 
never be translated into practice. We may be 
interested in another society's beliefs and practices, 
but until we arc’ convinced of their truth and of 
their importance to us we have no desire to adopt 
them. 

Medical scientific facts can be grasped and will 
be accepted by the student without previous 
preparation in tlie biological sciences if they are 
presented in the form of demonstration and^not as 
didactic lectures. The latter merely becomes the 
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teaching of a new set of rules imposed from 
without, the reasons for which are not understood. 
\\liile there is much in the fields of biochemistry, 
physiolog}'^ and nutrition, for example, which can- 
not be understood without preparation in the basic 
sciences, yet the fundamental fact of biology — 
the living cell — can be clearly demonstrated 'even 
to wholly untrained individuals. On this founda- 
tion the essential concepts of reproduction, the 
union of tlie o^nlm and spermatozoon, the develop- 
ment of the embryo and the growth and function 
of the body can be built in non-technical language. 
Instruction may then be amplified to explain the 
requirements for normal nutrition, the production 
of waste materials, and the effects of disease upon 
the body. Further, after demonstration of the 
living cell these students can obtain a surprisingly ' 
clear conception of bacteria, their relation to 
disease ' and understanding of some of the' impor- 
tant means of entry into the human body. Thus 
the microscope becomes the most essential piece 
of instructional apparatus for elementary courses — 
useful even for health education of lay groups. 
Understanding of microscopic life can be attained 
only by visual proof, not by faith; 

Because of educational limitations the presenta- 
tion of these new scientific concepts must be based 
upon the known field of the students* own experi- 
ence, if they are to be understood and to be 
convincing. The teaching of micro-biology is 
planned to give the student an understanding of 
the existence and activities of micro-organisms, 
their relation to health and disease, and hence the 
need for sanitary practice in daily life. ' This ^ 
instruction must begin with a fact within the 
general knowledge of the student. This may be 
the knowledge that eyeglasses enlarge the size of 
letters. Following this, the principle of magnifi- 
cation can be further illustrated by demonstrating 
the greater magnification of familiar objects when 
seen through a powerful reading glass. Then 
follows the suggestion that more powerful lenses 
might enlarge even invisible things so that they ^ 
.become visible to the eye. This leads directly to 
the microscope through wdiich the students soon 
learn to look. Under the low power lens invisible 
objects are demonstrated which are ivithln the 
knowledge of the student — dirt- on a fly’s leg, the 
stamen of a flower, dust on a hair from the head, 
the detail of a mosquito’s wing. There follov/s 
next a discussion' of .the possibility that some in- 
visible objects might have life, things smaller 
than mites or maggots. Water from a local . 
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stream, pool or pot of standing water can be used 
to demonstrate amoebae and other forms of 
living microscopic life. Tlic fact tliat boiling, 
strong sunlight, and certain drugs destroy such 
life can also be shown. Growiiis of bacterial 
colonics, can be prepared with simple equipment, 
incubation at room temperatures being easy in 
the tropics. Bacterial colonics can be groum from 
flics' feet, from droplets from coughs and sneezes, 
from finger prints, from teeth, dust and otlicr 
common familiar sources. 

An introduction is then made to the concept 
that certain micro-organisms cause disease and 
come directly or indirectly from a case of the 
disease. The meaning of “infection” and effects 
of invasion of tlie body by micro-organisms can 
be explained. The fact is then discussed that 
all bodily discharges arc dangerous since they may 
contain disease germs, hence the need for sanitarj'^ 
practices in disposal of any bodily discharge. 
It is possible also to present convincingly tlic 
need for personal hygiene and health habits to 
prevent conditions suitable for the life and growUi 
of bacteria. From this general introduction there 
follows logically the need for greater care and 
cleanliness when dealing with the sick. 

Parasitic diseases are of great importance in 
unsanitated areas and a comprehension of such 
conditions is made easy by the visual demonstra- 
tion of parasitic worms and eggs, parasites in 
blood smears, actual insect vectors and visits to 
breeding places. In the teaching of preventive 
measures no opportunity should be missed to 
demonstrate various aspects of the disease by 
these procedures — the demonstration of parasites 
in blood films, micro-organisms and eggs in db- 
charges, and the vectors of dbease. 

This laboratoiy method of presenting the 
background of microscopic life is essential for 
adequate understanding of the basic principles 
imderlying procedures which practical “non- 
professional” health workers are expected to carry 
out. It b likewbe invaluable for the creation of 
a sound understanding on the part of the lay 
public of the methods for dbease prevention 
w^hich they must undertake for their own pro- 
tection. 

I found in rural Maternal and Child Health 
Programs' in Africa that village women, many 
with little or no education, quickly learned to 
look down a microscope, after the concept of 
magnification of small objects by means of the 
ordinary spectacle and hand lens had been 


demonstrated. The introduction to living miao- 
scopic organisms was made by demonstration of 
uutcr whidi they drew from the local stream. 
They found thb extremely interesting, indeed, 
exciting — and from that point on, the concept of 
the microbic origin of dbease become intelligible 
to them. Without proof and demonstration of 
tills kind their old cultural beliefs were impossible 
to break dowm. Follo\ring from thb concrete 
introduction to bacteria, however, demonstrations 
of sanitar>' practices in the home became of 
interest and the reasons for them were easily 
understood. 

Finally, when facilities are available, group 
vbits should be made to w’atcr supply installations, 
sewage disposal plants, sanitai^' slaughter houses 
and markets, mosquito control projects and other 
public health activities which ma3’ be used to 
stimulate interest in methods for protection of the 
health of the community as a w’holc, Thb leads 
immcdiatelj^ to explanation of the ^vomen’s 
responsibilities for proper utilization of these 
facilities and emphasb upon protection of indi- 
vidual water supplies, the need for proper sewage 
and garbage disposal and the protection of family 
food supplies. 

The attitude of the women determines the 
outcome of any effort to alter the social en\*iron- 
ment of communities when public health programs 
arc being undertaken for the first time. They* 
exercbe complete control of the children, of the 
activities within the home and they do the market- 
ing and the preparation of food for the family. 
The educational phases of such a program there- 
fore, become of great and immediate importance, 
and from the outset must be directed to instruction 
of the motliers. It is only after such an introduc- 
tion to the dangers of the unsanitated environment 
and to fundamental preventive measures that 
instruction concerning the control of communicable 
dbease, infant care, nutrition and other aspects of 
the mother's responsibility for the health of her 
family become intelligible and convincing. ^lore- 
over, an effective Maternal and Child Health 
program can be initiated only with the complete 
understanding and cooperation of the mothers in 
the communit3% This b the most urgent need in 
many regions of Central and South America, 
since excessive infant and childhood mortality 
prevents the development of the countries by 
maintaining underpopulation and lack of develop- 
ment of natural resources. 

I have dealt only with health education as a 
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direct public health' function. It is essential for 
success, however, in undeveloped areas that 
health instruction initiated by public health 
activity be a part of cooperate planning with 
educational, agricultural and other sodal services 
for a balanced development of the community 
and for improvement of standards of living. 
Such cooperate planning should be undertahen 
at first on a demonstration basis. 

CONCLUSION 

The fundamental public health problem in 
Latin America. and in many other countries is 
the development of economical and effective 
methods for extending the protection and services 
provided for the large cities to include the large 
and at present unprotected rural populations. 


The problems existing in these regions demonstrate 
that in any area of the world public health practice 
is merely education for living through the transla- 
tion of technical medical knowledge into com- 
munity activity. Health education of the people 
in backward areas, therefore, becomes the only 
effective substitute for the protection provided by 
the state in the more advanced areas.' It is the 
only practicable finandal solution and it is highly 
democratic in its distribution of responsibility 
throughout the community. When applied effec- 
tively its results may be dramatic. Increased 
population, more rapid economic development, an 
increase in funds available for public health 
purposes, and an increasing demand by the 
people for state and university development of 
public health administration and field practice. 
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The Cuna Indians (or San Bias Indians) arc a 
group of approximately 13,000 native Panamanian 
Indians who live on the San Bias Archii)clago, a 
string of tiny islands which stretch along the 
Atlantic coast from the northern part of Colombia 
to within 100 miles of the Canal Zone. Most of 
these islands arc but a few miles from the mainland 
where many of the Indians have small plantations 
consisting mostly of coconut trees which they 
visit daily. Until a century or two ago the 
Indians lived on tlic mainland, but their death 
rate was vcr>' high, possibly because of malaria. 
They therefore mo\‘cd to the salubrious, windblown 
islands which arc now heavily populated. 

The Indians arc short, stock}’, dark people, 
four and one-half to five feet tall, with smooth, 
jet black hair, round faces, high cheek bones, 
broad noses, large, almost barrel-shaped chests, 
and short extremities. Fishing and minor agri- 
cultural pursuits on the mainland provide their 
food which consists mostly of coconut milk, 
fried or boiled green bananas, and fish. Other 
items in their dictar}' include plantain, sugar cane, 
cocoa, yams, }’ucca, mangoes, oranges, papaya, 
pineapple, and, rarely, i^ccarry, fowl, or deer. The 
Indians have had little contact with the rest of 
the Republic and have remained practically a 
“pure race.” Some of the youths now, however, 
travel to the Canal Zone where a few stay for 
years. The Indians appear to be in excellent 
health, although three cases of tuberculosis were 
encountered. These studies were made on the 
western group of islands which were visited during 
a ten day expedition. These islands were Nargana 
(including Corazon dc Jesus), Cuepti (Rio 
Azucar), Urganti (Rio Cidre), Carti Sugtup 
(Carti Cangrejo), Carti Yantup, Mlry^a Ubigantup 
(Soledad), and Carti Tupilc. 

METHOD 

In obtaining the blood pressure readings an 
attempt was. made to follow the recommendations 
of the American Heart Association (l). All rcad- 

^ Captain, Medical Corps, A.U.S. 


ings were taken on the left arm with the patient and 
physician seated. Mercury sphygmomanometers 
with standard -sized cuffs were used. After the 
patients were sealed, a short time was permitted 
to elapse before the readings were taken. Two 
auscultatory readings were taken on each in- 
dividual. If the systolic readings were not within 



Fig. I. Cuna Indian Woman 


6 millimeters of mercur}’' of one another, successive 
readings were taken until two readings approxima- 
ted each other. The blood pressure assigned to 
each individual was the average of the last two 
readings (or the ojily two readings). In a few 
instances the foregoing technique was only approx- 
imated. The systolic blood pressure was read at 
the sudden appearance of a clear sound as the 
mercury column dropped slowly (first phase). 
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Diastolic blood pressure was read at the initial 
replacement of the clear sounds by a muffled 
sound (fourth pliasc). 

Tin: HATA 

A total of 9J5 readings was taken on 408 Indians. 
In tables 1 and 2 arc recorded summaries of the 
data on 407 Indians. The only blood pressure 


females were encountered. No definite tendency 
for the blood pressure to rise with age could be 
demonstrated, (The figures in the age group 
over 65 represent merely data on Indians. 
Although the average systolic blood pressure in 
this grouj) was a few millimeters Jiigher than in 
other age groups, I lie diastolic blood pressure did 
not show a companddc rise.) 


TABLE 1 


The blood pressure of Cuna htdtans by age groups 



ACi: 16-25 

26~.15 


46-55 


66 PLUS 

TOTAL 

Total number of Indians 

90 

115 

90 

04 

35 

13 

407 

Average svstolic pressure 

107.9 

104.4 

WSSSM 

104.5 ; 

105.3 : 

109.4 

105.2 

Average diastolic pre.ssurc i 

1 

70.9 

69.0 j 

■u 

70.0 i 

1 

66.0 

66.7 

69.3 

1 

Number of males 

54 

70 

1 

63 i 

45 

21 

10 

263 

Average svstolic — males i 

109.7 

104.4 

103,3 i 

104.0 

105.5 

108.1 

1 105.4 

Average diastolic — males j 

71.5 

' 6S.7 

69.4 

69.5 

66.6 

66.3 

69.3 

Number of females | 

36 

45 

1 27 

19 

14 

3 

144 

Average svstolic — females i 

105.1 

104.3 

104.7 

! 105.6 

105,0 

113.7 

105.0 

Average diastolic — females 

69.9 : 

1 69.3 

1 69.2 

71.0 

65.4 

6S.7 

69.3 


TABLE 2 

Distribution of Cuna Indian blood pressure groups 


NUMBER OF 
INDIANS 




SYSTOLIC (MM.) 




TOTAL 

66-79 

B0-S9 I 

! 

9C-99 

100-109 

11M19 

120-129 

130-139 , 

140-149 

ISO plus ; 

Males 1 

9 

19 1 

i 

70 1 

HI 

55 

41 

11 1 

2 

0 

263 

Females 

3 

9 

41 i 

Wm 

30 

11 

IH 

0 i 

0 

144 

Total 1 

12 

28 j 

111 


85 

52 

■1 

2 j 

0 

407 


NUMBER or INDIANS 


DIASTOLIC (mm.) 



40-49 

50-59 

60-69 

70-79 

S0-S9 

90-99 

100 plus 

Males 

2 

36 

94 



1 

0 

Females 


16 

64 



3 

0 

Total. 

2 

52 

15S 



4 

0 


TOTAL 

263 

144 

407 


readings not included in these tables were those 
of a 60 year old male whose blood pressure was 
180 mm. of mercury’' s\"Stolic and 30 mm. diastolic. 
He had a history of a chancre acquired in the 
United States when he was a seaman aboard a 
sailing vessel, inadequately treated syphilis, and 
all the physical signs of insufficiency of the aortic 
valve. 

The average blood pressure of the entire group 
was 105.2 mm. systolic and 69,3 mm. diastolic. 
No significant differences between males and 


A striking finding is the total absence of 
hypertension. Not a single Indian had a systolic 
blood pressure over 150 mm. or a diastolic pressure 
over 100 mm. Two males had S 3 ''stolic pressures 
of 144 mm.; all other systolic readings were under 
140 mm. Four Indians had diastolic readings 
between 90 and 99 mm. 

As can be seen in table 2, a large proportion of 
the Indians had ^hypotension,” Forty had 
systolic blood pressures under 90 mm. and 54 
had diastolic blood pressures under 60 mm. 


















































BLOOD PRESSURE OF CUNA INDIANS 


DISCUSSION 

Discussions of the literature on the anthropathol- 
ogy* of blood pressure have been provided by Shat- 
tuck (3) and Kean (4) and need not be repeated 
here. It is our impression that the blood pressures 
of the Cuna' Indians represent the normal arterial 
tension of a healthy people and may be construed 
as evidence that normal blood pressure does not 
rise with an increase in age. We are in agreement 
with the opinion of Robinson and Brucer (5) that 
standards of normal blood pressure must be 
revised downward, and disagree with the views of 
Master, Marks and Dack (6) that mild or moderate 
hypertension '‘can no longer be considered ab- 
normal” at age 40 yearn and over. Of course our 
series of cases is tod small to permit definite 
conclusions. 

In a previous paper (4) the striking differences 
between the arterial blood pressure of West Indians 
(Negroes) and Panamanians (mostly mestizos) 
living on the Isthmus of Panama have been 
reported. The incidence , of hypertension was 
seven' times greater in West Indians than in 
Panamanians. ' These figures, confirmed by Mar- 
vin and Smith (7), suggest that there is some 
fundamental difference between these peoples 
which is responsible for the development of 
hypertension in West Indians, its scarcity in 
mestizo Panamanians, and its apparent absence 
in Cuna Indians. 

* Anthropathology is a term recently introduced by 
Lewis (2) meaning comparative racial pathology. 
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INTRODUCTION 

The following paper is the result of ,a survey 
made under the direction of Capt. R. F. Sledge, 
MC, USN, whose suggestions and encouragement 
were of great help to us. The observations 
recorded below were made by the authors during 
the months of March and April 1944. The 
total population of the islands and atolls \nsited 
was approximately 4500; we examined 1100 of 
this total. 

No accurate morbidity percentages arc available 
as yet. Those quoted in this paper arc approxima- 
tions. We arc at present engaged in making a 
more thorough sur\'ey of the diseases found 
among these people. This will be the subject 
of a later paper. 

The number of our laboratory studies was 
limited by the short time we had ashore on the 
various islands visited, and the extreme difficulty 
of getting equipment ashore across the reefs 
surrounding these islands. 

GENERAL 

The health of the natives ^vas fair. In general 
it %\Tis poorest among those on isolated islands 
surrounded by nearly impassable barrier reefs. 
It was best among those who lived on islands where 
the Japanese had had military hospitals and 
military medical personnel. 

Since the onset of the war, vdth 'consequent 
disruption of Japanese civil administration, the 
health of the Marshall natives has suffered. 
The single most important factor has been Ihe 
exhaustion of arsenical supplies used in the 
treatment of yaws. 

Yaws, Yaws is the ' most important disease 
requiring immediate attention. Though the inci- 
dence varies in different atolls, it is conservative to 
say that at least 75 per cent of the children under 
10 years have active yaws.' The percentage of 
adults having clinically active yaws is lower than 

f 

^ Lieut. U.S.N.R. and Lieut. U.SN. 


that in the children; however Kahn tests done 
on 120 adults were positive in 92 cases.* 

All the major lesions attributed to yaws were 
seen among these people. We saw every type of 
cutaneous manifestation, ranging from generalized 
maculo-papular lesions to the single large fram-, 
boeside. Numerous cases of “crab yaws,” Juxta- 
articular nodules, active and quiescent periostitis 
of tlie long bones, (particularly the tibia), degener- 
ation of the nasal septum with consequent deform- 
ity of the nose (gangosa), n’Gonde, and destructive 
osteomyelitis of the phalanges were among the 
lesions seen , by us. The cutaneous yaws lesions 
occurred most commonly on the exposed portions 
of the lower and upper extremities. In children 
peri-anal condyloma and ulcerating lesions in 
the angle of the mouth with secondary involvement 
of the chin and neck, were common. SeveraP 
cases with dry scaling depigmented lesions of 
the dorsum of the hands and feet were seen which 
clinically resembled Pinta. These cases rapidily 
responded to arsenicals. 

Gonorrhea. Depending on the atoll, anywhere 
from 60 to 90 per cent of the adult males gave a 
history of having had one or more attacks of puru- 
lent urethral discharge. ' Most of the natives call 
this “siplis,” though some of the better trained 
native medical practitioners recognize it as 
gonorrhea. The use of the misleading terra 
“siplis” is the reason for tlie incorrect reports 
that a large percentage of the Marshallese have 
syphilis. ^ 

The per cent of active gonorrhea remains 
to be* determined. Approximately 5 per cent 
of the male popluation of some atolls .have 
voluntarily applied for treatment of urethral 
discharge which on laboratory examination was 
proven gonorrheal in origin. Gonorrheal vaginitis . 
has been seen in six women, and two acute cases 
of gonorrheal salpingitis have been noted. Gon- 
orrheal ophthalmitis occurs on those islands where 

* Kahn tests done by Capt. L. L. Swenson, M.C., 
A.U.S. . 
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there arc no native medical practitioners or when 
his supply of silver solution lias been exhausted. 

Other vcncral diseases, L Syphilis, No dnancrc 
has been seen; neither have we noted any luetic 
alopecia or evidence of ncuro-sypliilis. One ease 
of aortic regurgitation was discovered in a man 
of fifty; another man was seen who had 
been paraplegic for five years, presumably as 
the result of two cerebral hemorrhages. These 
cases probably represent instances of cardio- 
vascular lues, but they need further study. 
Many gummatous lesions of the skin have 
been seen. It is impossible fo say whether 
tlicsc arc due to yaws or s>philis. However, 
due to the high incidence of tlic former it is our 
opinion that the lesions arc caused by Treponema 
perienue, 

' 2, Chancroid, This disease occurs; so far two 
active eases have been noted. 

3, Lymphopaihla venerium 0>"niphogranuloma 
inguinale, tropical buboc). Two far advanced 
eases of this disease have been seen. The worst 
was in a woman thirt}-' years of age who was suffer- 
ing from multiple pcri-rcctal abscesses and rectal 
strictures. Approximately 15 to 20 per cent of 
the adult males have scars of previously draining 
bilateral inguinal buboes. It is planned to conduct 
a Frei antigen survey in the near future. 

4, Grajitdoina inguinale. No proven case of 
this disease has been seen. Skin scrapings from 
one suspidous lesion failed to show Donovan 
bodies. 

Tuberculosis, Pulmonarj' tuberculosis exists 
among the ^Marshallese, but it docs not appear to 
be common. In a rapid fluoroscopic survey of 120 
adults only one definite case was discovered. 
Several persons in the late middle age group 
suspected of having pulmonar>^ tuberculosis on 
basis 6i history and physical examination 
proved on further stud}*' to have bronchiectasis. 
We have seen one native die of tuberculous 
peritonitis and have obser\^ed one instance of 
undoubted tuberculous laiymgitis. 

We plan to conduct a tuberculin sur\»^ey in the 
near future, getting chest x-rays on the positive 
reactors. Eventually a photoflurographic sur\^ey 
should be made. 

Dengue: We confirm previous reports that this 
disease occurs frequently among the Marshallese. 
It is most prevalent^from July to October. The 
vector, Aedes aegypti is present on all atolls. 

Dysentery, Botli badllary and amebic dysentery 
occur. Among children the former is one of tiie 


most frequent causes of death. From native 
medical practitioners we have obtained histories 
of wljat wo assume to be small epidemics of 
bacillar)' d>'scntciy. There is ample opportunity 
for it to spread, as flics abound in every village. 

Leprosy, This disease occurs among the natives. 
We have seen five eases and have obtained a 
histor>' from two children that their respective 
parents were in the leprosarium at Jaluit. 

Skin diseases. Tinea cruris, tinea versicolor, 
tinea circinata, tinea capitis, and tinea imbricata 
were . all seen. The infections are more severe 
than similar infections in the temperate zones. 
Scabies and impetigo contagiosum occur frequently 
among the children. 

Intestinal parasitism. On the basis of a hurried 
prcliminaiy sunxy of 100 stool specimens it 
can be said that these people arc not heavily 
infested with hclmintliic parasites. Neither does 
there appear to be an unusuall}' high carrier rate 
for Endamocha histolytica, Nonpathogenic intes^ 
tinal flagellates arc common. A thorough stool 
sun'cy is planned for the near future. 

Typhus, Endemic, flea borne, murine tjphus 
docs occur. We have seen three cases substanti- 
ated agglutinations in high titre of Proteus 
OXj 9 . There is no historical cndcnce that 
epidemic t 3 'phus exists. So far we have seen no 
ease of infestation with the bod}' louse among the 
natives. Tsutsugamushi fever apparently does 
not occur; we have not found its \'ector on these 
islands* 

Plague, There is no evidence of plague. The 
commonest rat on these islands is Rafus cxulans 
concolor, a small brown rat. In three trapped 
specimens so far axamined. we have found fleas 
of the Ctenoccphalus ^'ariety but no Xcnopsylla 
chcopts. 

Malaria, No anopheline mosquitoes have been 
found and no evidence of clinical malaria has 
been noted. 

Denial caries. This is a common defect in a 
large majority of adults. The most frequent 
t}'pe of cavit}' was a central one of the molar teeth. 

Vitamin deficiencies. The diief items of native 
diet before tlie American occupation were fish, 
coconut, breadfruit, pandanus, papaya and banana, 
supplemented with rice, flour, biscuits and canned 
salmon purchased from tlie Japanese. With the 
onset of war the native supplies of the latter have 
been exhausted and due to lack ^ of fish hooks 
their supply of i^h has been low. During the 
dry season there frequently is not enough water 
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for drinking or cooking, and at this time on the 
poorer islands the natives 'are reduced to eating 
coconuts and little else. It should also be remem- 
bered that bananas, breadfruit and papaya 
are all seasonal. 

We have noted an unusually large number of 
anterior peroneal ner\’’e palsies. At first we thought 
these were the result of old poliomyelitis deformi- 
ties, but since that time we have seen two acute 
cases of definite peripheral neuritis involving the 
anterior peroneal ner\^es and we now favor the 
view that dr>’’ bcri-beri is the cause for these 
palsies. Only an occasional tongue will show 
pre-pellagrous lesions; no clinical pellagra has 
been seen. One case of cheilitis probably due to 
riboflavin deficiency has been noted. Many 
natives have gums that bleed easily, are spongy 
and hyperplastic. 

Ocular pathology, Ptyerygium is very common; 
probably 50 per cent of the adults are afllicted. 
Senile cataracts are frequent among the aged and 
are not uncommon among the middle aged. 

Degenerative diseases. Hypertrophic arthritis, 
arcus senilis, senile cataracts, arteriosclerosis, 
diabetes, dorsum rotundum, and senile keratoses 
are all seen. An occasional case of benign 
hypertension (asymptomatic and without cardiac 
enlargement), has been noted. It is certain that 
the native^s easy mode of life, their perfect climate 
and the abundance of “thalasotherapy” does not 
protect them from the degenerative diseases 
of mankind. 

Streptococcal diseases. Scarlet fever, septic sore 
throat, erysipelas, rheumatic fever, rheumatoid 
arthritis and acute glomerular nephritis are all 
unkno\vn or at the most exceedingly rare. We 
have not seen a single instance of any of the 
above mentioned diseases. * 

Maternal and infant mortality. No accurate 
vital statistics are as yet available; however, 
maternal and infant mortality appear to be one of 
the big health problems of the Marshallese. In 
the thirty years of Japanese occupancy an effective 
program for, lowering the infant and maternal 
mortality was never organized. As a consequence 
approximately 15 per cent of the children are ' 
stillborn. Of those alive at birth, approximately 
25 per cent are dead at the end of two years. The 
. maternal mortality is more difficult to estimate, 
but it. is close to 10 per cent. 

, The large number of still births are probably 
due to a combination of systemic disease- of the 
mother, (chiefly yaws) and to physical injury and 


during tirhes. of water and food shortage to 
dehydration and partial starvation. 

The infant mortality is due mainly to the 
‘diarrheal diseases”, bacillary dysentery ^and to 
starvation when, due to food and water shortage, 
the infant's breast milk supply is curtailed. 

The high rnatemal mortality is due to lack of 
prenatal care and the handling of deliveries by any' 
woman who happens to be present when accouche- 
ment is imminent. On only one island did the 
native' medical practitioner take any interest 
in obstetrics. 

Clothing, The missionary inspired clothing 
adopted by the Marshallese is totally unsuited to 
this climate. Furthermore the war ^ completely 
disrupted the supply of cloth and soap to the 
natives and, as a consequence, those clothes which- 
they have can literally be described as dirty rags. 
There is no question but that the fungous infections 
of the slan and the many cases of scabies are due 
in large measure to this unsuitable clothing. In 
this connection it is of interest tp^^note that the 
omnipresent tinea pedis of America is absent among 
these people who go barefooted. 

The sarong type skirt with bare chest for 
women, and short pants over the well designed 
native “kal” Tor men, is the advisable style 
of clothing. 

Public health, (1) Vaccination, The Japanese 
had vaccinated the majority of natives who were 
over five years old. So far as could be determined 
this was the only type of immunization undertaken. 
(2) Fecal disposal. Though they tried, the Japa- 
nese were not successful in inducing the native to 
use latrines. Some defecate on the reef at high tide ; 
others hide their feces under a stone or leaf 
somewhere on the island'. (3) Water supply. 
This is either from fresh .water rain cisterns or 
from brackish ground wells. (4) Flics. As unused 
food is scattered on the ground the fly population, 
is large in every village. (5) ' Poison snakes. 
There are noiie. 

Native medical practitioners. Most of the heavily 
populated atolls have native medical practitioners 
trained by the Japanese at Jabore. These .men 
have worked for at least four years at the' hospital 
in Jabore. Given supplies and proper supervision, 
they are capable of administering to the medical 
needs of the natives. ; • 
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Taliaferro and Mulligan (1) in 1937 reviewed 
the literature on malaria and concluded that the 
areas of necrosis occurring in the spleen have 
'‘aroused remarkabl}^ little discussion/^ Bloom 
and Taliaferro (2) in 1938 apparently were the 
first to give a detailed consideration to splenic 
infarction in malaria. These investigators were 
interested in the etiology and in the regeneration 
of infarcts in the spleen of canaries infected with 
Plasmodium cathcmcrium. Bloom and Taliaferro 

(2) concluded from their studies that “they 
[infarcts] probably result from the malarial 
infection, as all attempts to associate them with 
bacteria, viruses or intravenous injection of india 
ink have failed.” 

Hewitt (3) in 1939 studied infarcts in the 
canary^s spleen. Thrombosed vessels were present 
in every spleen that had an infarct. The oc- 
clusions occurred in both the central vein and in its 
branches. Although infarcts were present as 
early as the third day following inoculation they 
were “particularly prevalent on the ninth day” 

(3) . According to Hewitt (3) “it does not seem 
likely, then, that the production of infarcts is in 
any way dependent upon the amount of inoculum 
or upon the number of parasites introduced.” 
If the venous obstructions were due to blockage 
by large numbers of parasitized cells, “one would 
not expect to find them early in the disease” (3). 
Hewitt concluded from his studies that “the 
great hyperemia which occurs early in infections 
with this strain of P. cathcmcrum slowed the 
blood current sufficiently to cause widespread 
stasis. Thrombosis with resulting infarction, 
probabi}^ occurred due to the extreme blockage 
of many of the blood channels.” 

A proliferation of the cells in the wall of some 
of the large venous sinuses in the spleen was 

^The material for the experimental observations 
and some of the human cases were obtained during the 
time I was at the University of Tennessee, other ma- 
terial was obtained from the Army Medical Museum 
through the courtesy of Col Ash. 

Research paper no. 555, Journal Scries, University 
of Arkansas. 


described in a recent study of the pathological 
lesions in M. rhesus monke 3 >^s infected with P. 
knowlcsi (4). A proliferation of similar cells was 
observed also in the wall of the splenic sinuses in 
young Pekin ducks infected with P. iophurae (5). 
No areas of infarction occurred in the spleen of 
either these monkeys or the few ducks we studied. 
The absence of infarcts in the spleen of these 
monkeys and ducks may be explained by an 
insufficient degree of proliferation of the reticular- 
like cells in the wall of the venous sinuses to 
produce occlusion. The process, therefore, ap- 
pears to be a variable one. 

Hematopoietic tissue is present normally within 
the lumina of the sinuses during embryonic life in 
man, from the fourth to the sixth fetal month, and 
in mammals and lower vertebrates in extra-uterine 
life (6). Jaffe (7) observed in cases of leukemia 
that leukemic tissue developed beneath the 
endothelium of the veins and infrequently in the 
adventitia of the arteries. Although Jaffe empha- 
sized this pathological process in the spleen in 
leukemia, apparent^ he did not associate it with 
infarction, a lesion that does occur in this disease. 
Forkner (8) observed that the endothelium in 
some of the large arteries in a case of monocytic 
leukemia was separated from the media b}^ an 
accumulation of monoc 3 des. Ewing (9) has a 
beautiful illustration of this process of hyperplasia 
in a large splenic sinus in a case of “pseudo- 
leukemia.” Pinkerston (10) found that the 
capsule and the trabeculae of the spleen were 
densel}^ infiltrated by nucleated red cells in a case 
of acute erythroblastosis. Fried (1 1) described an 
extensive infiltration of the wall of the splenic 
veins by lymphoid cells in a case of leukemia. 
From these observations it is evident that a 
var}dng amount of blood forming tissue may occur 
in the walls of the large venous sinuses in the 
normal spleen and in certain diseases. 

A proliferation of cells in the wall of the venous 
sinuses ma}" be associated with the development of 
splenic infarcts. This relationship was studied in 
the spleen of a group of human cases infected with 
P. falciparum^ monkeys infected with P. kuowlcsi^ 
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infarction was j)rcscnl in some of the spleens while sinuses. Sometimes the protruding mass of cells 
others showed only focal areas of necrosis (fig. 6). contained a i)ink staining and necrotic-like 



Fie. 3, Cells like those in the sj)lcnic pulp frcciuenlly form the wall of sjilenic sinuses in ducks and canaries. 
Note the absence of any fibrous tissue in the wall. Spleen from Duck infected with P. lophurac — Killed on 3rd 
day. 366 X. 



Fig. 4. Cells similar to those in the .splenic pulp are frequently found immediately beneath the endothelium in 
the large blood channels in the monkey’s spleen. These cells appear to show definite hyperplastic changes in. 
animals infected with P. knowlcsi. Tliis animal died 10 days following an intramuscular injection of the parasites. 
X200. 

Vascular occlusions were present in all of these material (fig. 6B). Leucocytes and red blood cells 
spleens. Groups of cells like those in the splenic sometimes covered this thrombus-like process, 
pulp protruded into the lumen of many of the venous Frequently it was difficult to demonstrate the 
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Fig. 5. Large groups of cells like those in the splenic 
pulp protrude into the lumen of the larger veins. Such 
a group of cells may be coated with fibrin and circu- 
lating blood cells. They may produce obstruction 
to the blood flow. Duck infected with P, lophurac. 
Killed on 5th day. 96X. 


beneath the endothelium of the central artciy^ 

(%■ 7 )- 

Collections of rcticular-like cells were present 
beneath the endothelium in the large venous 
sinuses in the spleen of humans infected with 
malaria. The size of these groups of cells varied. 
One of the spleens we studied showed numerous 
focal areas of necrosis in the pulp and collections of 
reticular-like cells were present in the wall of the 
splenic vessels. The association of the h}'perp1asia 
of the cells in the vessels and the focal areas of 
necrosis in this case ma}^ be significant in the 
development of splenic infarcts. 

DISCUSSION 

Tilany investigators have described collections of 
cells in the wall of the larger sinuses in the spleen. 
The consensus appears to be that these cells may 
be considered as part of the blood forming group. 



Fig. 6. A— Infarct in a canary’s spleen. Necrosis is shown on tlie right side of the picture. The lumen of the 
two vessels at the point of the arrow is completely occluded by a fresh thrombus-like process. The vessel at X 
is shown in Figure B. There is a tlirombus-like mass attached to this vessel wall. The bird was infected with 
P. CQthemerluvu A, 18X; B, 96X. 


lumen of the smaller sinuses in the canary’s spleen 
since the ceils in the wall were continuous with 
those in the splenic pulp. Sometimes collections 
of these pulp cells were present immediately 


It is not surprising to find li>peq)lasia of these 
cells in the wall of the \'enous sinuses in malaria 
since splenomegaly apparently always occurs in 
this disease. The degree of hj’perplasia of these 
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cells may van* in the ciiiTcreut species and also in 
the diflercnt vessels of the same spleen. It is 
suggesteil that this hyper]'>las\a results from the 
anemia. It is evident, therefore, that hypendasia 
of these cells may occur in diseases other than 
malaria S-10. Normally in the wall of the venous 
sinuses in the spleen of man, monkey, duck, and 
canaiy’ there arc cells similar to those in the red 
pulp. Sometimes these cells arc located between 
the endothelium and the vessel wall. At other 
times they are continuous with the cells in the red 
pulp. It is well known that the histological 
stnicturc and the tyj:)c of circulation varies in 
diiTcrent species (12). 



Fig. 7. Groups of cells arc present in the wall of the 
central artery in the canaiy’s spleen. These cells re- 
semble those in the splenic pulp and ap])arenliy pro- 
liferate during malarial infection. X96. 

There is a slowing of the circulation produced l)y 
these hyperplastic cells projecting into the lumen of 
the venous sinuses. As a result of this decrease in 
the rate of flow, leucocytes may accumulate on the 
periphery of these clusters of reticular-like cells. 
A thrombus may develop and ultimately completely 
occlude the lumen. This process occurs most 
frequently in the spleen of canaries infected with 
P, cathemeriuDu Bloom and Taliaferro (2) have 
observed an infiltration of non-granular heterophil 
leucocytes into the walls of the veins during the 
early period of infection in a few canaries. Some of 
these birds showed either partial or complete 
thrombosis of the splenic veins. 

A thrombotic occlusion apparently is not the only 
process that affects the circulation in the acute 
types of malarial infection. The blood current may 
be slowed as a result of the anemia, and anoxia of 
the cardiac muscle may occur. Associated with 


anoxia may be an increase in capillar>^ permeability. 
This, likewise, may affect the general circulation. 
It would appear, therefore, that anemia and a 
failing myocardium may contribute to the local 
development of vascular occlusions which have 
their beginning in the hyj^erplasia of the reticular 
cells in the wall of the venous sinuses. Osier (13) 
and Hewitt (3) both referred to the sluggish 
circulation in malaria, Rigdon and Stratman- 
Tliomas (4) discussed its relationship to the 
pathological lesions occurring in monkeys infected 
with P. kfwivlcsi. 

Splenic infarcts have been observ'ed in man in- 
fected with P.falc}pano?t, and in monkeys infected 
with P. A’jiOiHcsi (14). The focal areas of necrosis 
in the spleen of one of our human cases resembled 
those present in the spleen of some of the canaries. 
Infarcts did not occur in the spleen of either the 
human cases or in tlic monkeys used in this study. 
The frequency in which infarcts occur may be 
influenced by the type of the infection and the 
duration of the disease. Hewitt (3) observed 
infarcts in the spleen of 47% of the canaries infected 
with P, cathcwcriim. Infarction in the canary’s 
spleen occurs more often on the 9th day of the 
infection (3), The degree of hyperplasia of the 
spleen in ducks progresses during the first several 
da}'s of the disease. It appears, therefore, that the 
hypcq:)lasia of the cells in the wall of the veins is a 
part of the general process of hyperplasia of the 
splenic pulp. It is suggested that this process is 
nonspecific in the spleen in malaria, since a similar 
lesion occurs in the liver and in the kidneys of the 
ducks (5). If hyperplasia of the reticular cells in 
the wall of the r^eins progress, either partial or 
complete occlusion may result wdth subsequent 
infarction. This seems to be a reasonable expla- 
nation for the development of splenic infarcts, 
as ascertained from a review of the literature and 
also from experimental studies. This opinion of 
the etiology of infarcts apparently is supported by 
the fact that Bloom and Taliaferro (2) were unable 
to produce infarcts in the canary’s spleen by an 
intravenous injection of india ink. Hewitt (3) 
could not associate infarcts with the number of 
parasites injected. He also observed infarcts in 
the canary’s spleen more frequently after the ninth 
day of the disease. This interval likewise coincides 
with that of the time of development of hyperplasia. 
Variations in the frequency of splenic infarcts may 
be influenced by the normal histological structure of 
the spleen, by the type of circulation, and also by 
the type of malarial infection. 
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SUMMARY 

It is suggested that the infarcts occurring in the 
spleen in malaria may result from an obstruction 
produced by hyperplasia of the reticular-like cells 
located within the walls of the venous sinuses. 
Leucocytes and red blood cells may adhere to the 
surface of these masses of reticular-like cells since 
the circulation in malaria is slowed. The normal 
histological structures in the spleen of different 
animals are discussed that may predispose to 
vascular obstruction. 
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Tsutsugamushi disease, an ancient malady 
known since the sixth century, is today presenting 
a problem, among our military personnel, which 
is taking on considerable significance. Major 
Ahlm and Captain Lipshutz (14) made the follow- 
ing statements in reference to this ailment: “Until 
recently the condition had not been given the 
space it deserves in medical textbooks, owing in 
part to our lack of interest from the economic 
standpoint in many of the tropical and subtropical 
countries. The advent of World War II has, 
however, changed the picture entirely. We now 
find not only men of the allied armed forces but our 
own men suffering the ravages of this fever in 
many tropical areas. The total man days lost 
from this disease have presented a problem. This 
together with the great advance in air transporta- 
tion expected in the post war period tends to 
make the disease one of considerable military 
and economic importance.” 

Tsutsugamushi disease has many synonyms, and 
in recent decades ailments which appear to be 
identical with it clinically and ctiologically have 
been described under other names in various 
localities. Some of these synonyms are: Tsutsu- 
gamushibyo, Shimamushi, Japanese River fever, 
Flood fever, Kedani fever, Mite fever, Scrub 
typhus (K form), Rural typhus, Tropical typhus. 
Pseudo- typhus, Mossman Fever and until recently 
the so-called Coastal Fever of North Queensland 
Australia. Haeslip (15) has shown that the latter 
malady is caused by a bacillus {B. tropica) and that 
it is probably transmitted by the same vectors as 
Tsutsugamushi disease. 

The geographical boundries of Tsutsugamushi 

^ The compiling of this information was a result of a 
comprehensive bibliography on chigger mites (i!5^13) 
compiled while engaged on chigger research during the 
summer and winter of 1942 at the School of Public 
Health, University of North Carolina, Chapel Hill, 
North Carolina. The research was financed by the 
Eli Lilly Company tlirough Dr. H. W. Brown to whom 
I am indebted for his helpful suggestions. 


disease arc as yet probably very incompletely 
determined. It has been reported from Japan, 
China, Formosa, Pescadores Islands, Philippine 
Islands, Indo -China, Cambodia, Malay Peninsula, 
Sumatra, Java, Borneo, New Guinea, North 
Queensland Australia, Bako (?) Islands, India, 
Ceylon, and Samoa, Table 1 includes only 
localities where studies have been made of vectors 
and ^eser^^oir animals. 

The etiological agent is identified as a rickettsial 
form known as Rickettsia nipponica^ but it has been 
named by various authors, R, tsutsugamushi, 
R. orientalis, and R. akamushi. 

The infection which is not communicable 
naturally from person to person, is transmitted to 
man from certain rodents and marsupials, for the 
most part through the bite of various species of 
larval mites of the genus Trombicula. The larvae 
of these Acarids feed but once during this stage, 
and this is the only parasitic stage during the life of 
the mites. Therefore, the rickettsiae must neces- 
sarily be carried through the various stages of 
development and transmitted through the egg to 
the next generation of mites, and according to 
Hayashi and Kato (16), to a number of subsequent 
generations. 

There is some evidence which indicates that 
perhaps mites are not the only vectors. In 
several localities ticks have been suspected. Van 
der Schroeff (17) studied cases in north Sumatra 
\vhich appeared to be transmitted by members of 
the tick genus Ambly omnia. A report prepared in 
the Office of the U. S. American Typhus Commis- 
sion (18) would seem to indicate that in New Guinea 
at least, the itch mite may not always be involved, 
. . since little correlation, if any, was found 
between the incidence of 'scrub itch’ and the 
frequenc}' of infection with scrub typhus. In 
some areas there was considerable complaint of 
'scrub-itch’ but no scrub typhus, while in other 
areas there was no complaint of 'scrub-itch’ but 
there were cases of scrub typhus.” Although mites 
may not be the only vectors of Tsutsugamushi 
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disease they appear to be by far tlie most important when the malad}' is not present it may be that the 
known at the present time. mites can be found deep in the ears and on the 

TABLE 1 


Mik vcdors and rcscnoir animals of Tsnfsngamushi disease 


CEGCRAraiCAl. 

DISTRIBUTIO* 

MITE VECTOR 

RESERVOIR 

Australia 

Trcmhictila deUensis Walsh, 1923 (1) 
T. minor {hirsti Sambon, 1927) (I) 
\Laclaps ausiraliensis (2) 

*Isoodon forosus — Bandicoot (1) 

*3fdomys lilloraIis--Rat (1) 

* Rail us assimilis — Rat 

* Rail us conaius 

* Rail us noncgicus (white strain) (1) 

*Ralfus ftorve^kus (black & white strain) (1) 

* Rati us roll us (1) 

1 

China 

T, akamushi Brumpt, 1910 (3) 

??.>??? 

Formosa 

T. akamushi (3, 4) 

Ratlus rattus rufuscens (3, 9) 

Ratius rattus rattus (5) 

*Roftus losea (5, 11) 

Ratius (Apodemus) agrarius (5, 3) 

Rattus ?wrv€gicus (3) 

Ratius muse ulus (3) 

Pachyura vturina — Musk Shrew (3) 

India 

T, ddiensis (6) 

Ts acuscuteUaris W^alsh, 1923 (6) 

Mus (Ratius) rattus (6) 

Mus decumanus 
\ Mus baclrianus (6) 

Golunda dlioti — Indian brush rat (6) 

Ncsocia hcgalensis — Mole rat (6) 

Japan 

T. akamushi (4, 7, 9) 

*Microtus montebcUi — Vole (4, 7, 9) 

ArvicoJa hatanedzumi — Field mouse (S) 

[Malaya 

T, akamushi (4) 
r. ddiensis (9) 

XSchon^astia shtijfneri Walsh, 1923 (9) 

Mus rattus (4) 

Mus concohr (4) 

New Guinea 

§r. minor (10) 

T. ddiensis (1) 

Echymipera cockcrdli — Bandicoot (10) 

Pescadores Is. 

T, akamushi (11) 

*Mus rattus rufescens (11) 

Sumatra 

T. akamushi (12) 

T. ddiensis (9, 3) 

5. shuff^teri (9, 3) 

Rattus ratius diardii (9, 3) 

Mus concohr (3) 


* Animals in which the rickettsial organism has been demonstrated in nature, and which act as hosts of the 
mite vectors. 


t Not a chigger mite, 

{ Thought to transmit the disease only from man to man. Belongs to genus indicated rather tiian rseosenon- 
gastia as placed by some authors. 

§ Some authors have placed the New Guinea form of this mite in the genus Nesochongastia. 

It is quite possible that these mite vectors may eyelids of their rodent hosts. Japanese workers 
be collected the year around even in those areas have found them in the winter months in such 
w'here the disease’ is seasonal. During the seasons locations on bank voles. Tromhiciila aiiliiinmiUs 
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Shaw, a closely related spedes, passes the winter 
in the cars of rodents in England and I have found 
the common North American chigger, Eulromhxcula 
alfrcddiigcsi (Oudemans) in the ears and on the 
eyelids of rabbits and squirrels in December and 
Januar)^ (IVilliams (19)), 

Frequently the statement is made that the 
animal reser\’oir is believed to be a specific rodent or 
rodents. In' many cases tlie actual resen^oir in 
nature has been demonstrated so that it is no 
longer a question of merely’' believing or supposing, 
for at least ten species and strains are now known 
to be natural reserv^oirs of i2. isutsugamusJiu 
This, list includes six species of rat and one spedes 
of bandicoot from Australia, one rat spedes from 
Formosa, one species of rat from tlie Pescadores 
Islands and one spedes of vole from Japan. 

There may be many animals ^Yhich serve as 
reservoirs whose role in the story of this disease has 
as yet not been discovered, since the mite vectors 
also attach and feed on dogs, cats, fowl, buffalo, 
monkeys, lizards, particularly ^^^ld birds, and no 
doubt many other animals. Wild birds do at 
least ser\^e as distributing agents of the mites. 
According to Walsh (20) the mite lar\’^ae have been 
found on Acroccphalns oricntalis a bird which 
migrates southward from Japan in the winter and 
may possibly carry the disease to distant countries. 
Keukenschrijver (10) examined a number of 
crow'-pheasants [Centro pits javamens) which fre- 
querit the undergro\\’th and jungle grass in Malaya, 
with the result that he found the majority of them 
infected with Tromhicnla delicnsis. 
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Since the recovery of a strain of t 3 ^hus from rat 
fleas by Dyer, Rumreich, and Badger (1) and from 
the brain of a wild rat by Mooser, Castaneda, and 
Zinsser (2) in 1931, the importance of the rat and 
the oriental rat flea, Xenopsylla clicopis, in the 
transmission of murine typhus has become well 
established. Sparrow (3) and others have reported 
finding typhus rickettsiae in house mice, and 
Brigham (4) obtained a typhus strain from a field 
mouse; occasional observations have been reported 
which suggest that additional murine or other 
animals may serve as hosts, and many animals have 
been experimentally infected. Thus, Lepine and 
Lorando (5) obtained experimental infections in 
cats which were usually of the inapparent type; this 
finding was soon confirmed by Brigham and Dyer 
(6). Similarly, several species of fleas in addition 
to Xenopsylla cheopis have been experimentally 
infected and found capable of transmitting 
infection. Liu and Zia (7) isolated typhus rick- 
ettsiae not only from mouse fleas but also from 
mice during a household outbreak of typhus, and 
Brigham (8) isolated t 5 ^hus rickettsiae from 
naturally infected Echidnopha%a^gallinacea, the 
chicken flea, taken from the rat. 

Isolation of a strain of murine typhus from the 
cat flea, C/c7ioce^/iah‘de5/eZu, and some observations 
suggesting transmission of the infection to man 
through the agency of these fleas harbored by 
kittens provide the basis for the foregoing report. 

In the fall of 1942 we virited the J, family of 
Austin, Texas, all of whom had typhus with onset 
during November 1-10, 1942. In each instance the 
dinicaL diagnosis had been confirmed by the 
Weil-Felix test. Rats or mice had not been 
troublesome, and there was very little evidence 
of the presence of rodents on the premises . Mrs. J. 
was insistent that their infections had been 
acquired from a kitten which had been picked up 
at a local feed store about ten days before onset of 

^ Now Assistant Sanitarian, U. S, P. H. S., Atlanta, 
Georgia. 

2 Now 1st Lt., Sanitary Corps, U. S. Army. 


her daughter's illness about November 1st. Two 
or three days later Mrs. J, had her onset, shortly 
followed by onset of her husband's illness. When 
Mr, J. became ill, the kitten was destroyed, 
but previously it had been permitted the run of 
the house. No attempts had been made to rid 
the kitten of fleas. 

At the feed store whence the kitten in question 
had been obtained, we were able to locate the two 
litter mates, from^ which approximately two 
hundred fleas were obtained; these fleas were 
subsequently identified by us as Ctenoccphalidcs 
fells without exception. A small group of these 
fleas was sent to the U. S. P. H. S. Laboratory, 
Hamilton, Montana, for identification; these fleas 
were also identified as Ctenocephalides felts. 
Meanwhile, fleas were grouped in three pools of 
fifty-five each and maintained in the frozen state 
until saline suspensions were prepared for inocula- 
tion of rats and male guinea pigs; a pool of flea eggs 
was also inoculated into a rat. All inoculations 
were made intraperitoneally, in the usual manner 
for detection of murine typhus. 

From table 1, it is seen that with pools ^2 
and ^3, 'follonnng an incubation period of a week 
to ten days, guinea pigs became febrile and 
developed scrotal reactions consistent with experi- 
mental murine typhus. Negative results were 
obtained with flea pool ^1. Fourteen days after 
inoculation of rats with each of the four pools, 
these animals were sacrificed, brains were removed, 
and heavy saline suspensions of individual brains 
were inoculated into male guinea pigs in the usual 
manner. Subsequently, Neill-Mooser reactions 
consisting of elevated temperature and scrotal 
involvement of guinea pigs were obtained, with 
reference to rats inoculated with flea pools ^2 
or j^3; again, a negative result was obtained 
relative to flea pool 1, as with the pool of flea 
eggs. The incubation periods in guinea pigs 
inoculated with rat brain suspensions were shortened 
as compared with guinea pigs inoculated with flea 
suspensions. The characteristic infection was 
359 
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readily transmissible in guinea pigs. Incubation 
periods on guinea pigs with blood inoculations 
were longer and more variable than with 
testicular tunica inoculations. Temperatures 
of infected guinea pigs seldom exceeded iO^.S'^F. 
and gradually reached normal levels in a few days; 
the mortalit}^ was practical y nil. With animals 
sacrificed early and at the height of the febrile 
course, the scrotal sac was swollen and iniiammed 
and testicles were not palpable; as a rule, both 
testicular tunicas were found to be thickened, 
hemorrhagic, and adherent, but on occasion the 
reaction was unilateral. Generally, there was no 
evidence of infection at the site of inoculation and 
little or no evidence of peritonitis. Masses of 


Unlike the J; family, Mrs. Y. attempted to rid her 
kittens of fleas with the result that/‘fleas were all 
over the house for days’'; Mrs: Y. also asserted she 
was bitten repeatedly by these fleas. 

We were unable to relate other cases of typhus 
in recent years to the particular feed store in 
question. Careful questioning indicated, however, 
that some of the empio 3 fees in years past had been 
ill with s 3 nnptoms suggestive of typhus, and it was 
believed that the illness had been acquired ^^some- 
howorotherfrom eating on the hay bales or sleeping 
on the hay bales after lunch". Rats had long been 
troublesome but poisoning efforts had been 
discouraging, it developed, because the “cats rather 
than the rats ate the poison". 


TABLE 1 


RcsttUs of inoadation of rais and male guinea pigs xoith pooh of cat fleas 


1.0T NO. 

NO. OF rXJSAS ; 

GUINEA PIG NO. i 

RESeXTS 

liAT 

GUINEA PW NO. 

SESUXTS 

1 

55 

690 

Neg. 

Rlt 

702 

■BMHI 

2 

55 

691 

Pos. (S)^ 

R2 

703 


3 

55 

692 

Pos, (10) 

R3 

705 


4 

Many eggs 


1 

! R4 

[ 704 ; 



* Days required for scrotal reaction and temperature elevation, 
f On 14th day each rat brain suspension was inoculated into a male guinea pig. 


minute, rod4ike organisms characteristic of murine 
typhus rickettsiae were demonstrable in cells from 
the testicular tunica. Bacteriological cultures 
failed to reveal the presence of any significant 
organism and Salmonella organisms particularly 
were not encountered. These findings were 
entirely consistent with our experience with several 
experimental murine t 3 q>hus strains obtained from 
human blood, rat brain tissues, or suspensions of 
fleas. Two lines of transfer were carried through 
four and sk passages before termination of the 
investigation, and ser\^ed clearly to identify the 
infective agent as that of t 3 nphus. 

Blood samples from the kittens in question 
reacted negatively in the Weii-F eiix test. Suspen- 
sions of kitten brains and spleens were inoculated 
into male guinea pigs, but none showed elevated 
temperatuxeorscrotal reaction during a twenty-one 
day period of obsen^ation. 

During the course of these experiments, our 
attention was directed to Mrs. Y., a recent typhus 
convalescent, A few days previous to onset of her 
illness, Mrs. Y. had obtained two large kittens from 
the feed store in question. She selected the two 
larger in preference to the three smaller kittens. 


Typhus iufecilon in a laboratory worker apparently 
acquired from cat fleas 

On or about December 3rd, 1942, Bacteriologist, 
D. A. K., ivho had assisted mth the conduct of 
these investigations, developed a slight fev’^er and 
headache, without evidence of respiratory'' tract 
infection, but continued at work until December 7 
when she first mentioned her illness. Some data on 
her infection are given in table 2, and it seems quite 
probable that D. A. K. had acquired infection 
as a result of contact with the infected fleas with 
which she had worked. Infection was unusually 
mild, possibl}’’ because of previous vaccinations. 

Attempted infection of hiUc^ts and fleas with guinea 
pig passaged strain of murine typhus 

In May, 1943, a mother cat with very young 
kittens and an abundance of fleas were obtained. 
A pool of fleas, each of which was identified as 
Cicnoccphalides /chV, ivas crushed and a saline 
suspension w^as inoculated into two male guinea 
pigs, with subsequently negative results. Sub- 
sequently^ two kittens were inoculated intra- 
peritonealty with a fresh guinea pig tunica typhus 
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In 1939 Dc Monbrcun lepoitcd an example of 
generaliiied infection in a dog h}\ FlisiopJasma 
capsulalum. A diagnosis ^vas made on a biopsy 
specimen from the liver, and cultures of the 
peripheral blood before death yielded the mycelial 
form of the organism. Cultures from the other 
tviscera at autopsy also showed the presence of 
Histoplasma, and the infection was transmitted to 
other dogs parcnterally and by mouth. This was 
the first proven case of naturally occurring his- 
toplasmosis in animals although spontaneous 
instances of the disease had been previously 
obserN'cd by the examination of tissue sections from 
other species of animals. Sangiorgi (1922) de- 
scribed parasites in the viscera of mice which he 
thought to be blastomycosis but were considered 
by Wcn 3 "on (1926) to be suggestive of Cryplococcus 
PT Bisloplasma. Shortt (1923) described a spon- 
taneous infection in laboTator>’’ mice with Cryplo- 
coccus imiris although a similarit}^ to Histoplasma 
was noted. Levine, Dunlap and Graham (1938) 
reported an intracellular parasite in the liver, 
spleen and lungs of a ferret which they thought was 
similar in appearance to Cryplococcus. This was 
considered by Meleney (1940) to be suggestive of 
histoplasmosis from the description and the 
photomicrographs published. Summerhill (1941) 
identified intracellular parasites which he consid- 
ered to be Histoplasvia in the mesenteric lymph 
nodes and the lungs of a cat. More recently 
Thuringer (1944) reported the second instance of 
spontaneous infection in a dog by Histoplasma 
capsulalum. 

In his report Be Monbreun suggests the possibil- 
ity that the dog may serv^e as a natural host and 
that the disease might possibty be transmitted to 
man in infected exxreta and secretions, or that the 
flea or tick ma^^ act as a transmitting agent. In 
his case and also in the case to be reported, the 
dogs belonged to physicians, who performed or had 

^The author is indebted to Dr. Oscar C. Zink, to 
whom the dog belonged, and to J>r L. S. Walsh, who 
performed the autopsy, for their permission to make 
this study. 


autopsies performed, and the organs were sec- 
tioned for microscopic study. In this manner the 
diagnosis was made and in the first instance 
substantiated by cultures and the reproduction of 
the disease in other animals. Also in the case 
reported by Thuringer the diagnosis was made 
at autopsy. 

Since 1939 many cases of human histoplasmosis 
have been added to the literature showing that this 
disease is much more prevalent than was previous^ 
supposed. Therefore, it is felt that an additional 
instance of spontaneous infection in a dog should 
be reported. 

REPORT OF CASE 

The dog was a seven year old female Springer 
Spaniel, belonging to a St. Louis physician. It 
was born and raised in this community and 
appeared perfectly well until August, 1943, At this 
time it was taken to a kennel in the city to be 
boarded while the family was on vacation. In the 
kennel it was placed in a runway by itself although 
there were several dogs in adjacent houses. The 
animal was boarded here for four weeks and was 
then returned home where it began to refuse food 
and passed several large, black stools a day. 
It became progressively weaker and died after an 
illness of two months. 

AUTOPSY FINDINGS 

The body was emaciated and there was an 
icteric tint to the sclera. The peritoneal cavity 
contained approximate^ 200 cubic centimeters of 
slightly blood tinged fluid, and there was a sero- 
fibrinous exudate on the visceral and parietal 
peritoneum. The mesenteric, peripancreatic and 
periportal lymph nodes were enlarged and firm. 
On cut section they were grayish-white with 
numerous small jxllow foci scattered throughout 
the substance. The spleen was enlarged to about 
three times normal size and on cut section was a 
dark red color. The Malpighian corpuscles were 
obscured and no areas of necrosis were seen. No 
gross pathologic changes were observed in the heart, 
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Fig. 1. Organisms within the Reticulo-endotheual Ceei^ Lining the Splenic Sinusoids. Hematoxylin- 

EOSIN. X570 



Fig. 2. Organisms within Large Macrophages and Reticulo-endotiielial Cells in a Mesenteric Lymph 

Node. Hematoxvlin-eosin. X570 

lungs, pancreas, adrenals, kidneys, and the gastro- microscopic EXAmNATiON 

intestinal tract. The tracheobronchial and bron- When the author saw the case, three months 
chopulmonarj’’ lymph nodes were moderately en- after the dog had died, microscopic sections of the 
larged and firm. No cultures were taken and no spleen and mesenteric lymph nodes were the only 
direct smears were made at the time of autopsy, ones available. 
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Spleen ' ' 

The normal architecture of the spleen was 
greatly distorted. The splenic follicles were small 
and few in number, and in the red pulp were 
numerous large macrophages and plasma cells. 
There was a marked proliferation of the reticulo- 
endothelial cells within which there were numerous 
small organisms which were oval in shape with a 
thin non-staining membrane surrounding a hyper- 
chromatic mass which appeared as a small dot. 
The nucleus was round or oval in most instances, 
but occasionally one was seen which was crescentic. 
The cells contained up to 15-20 organisms, but in 
most instances 4-8 were present. Organisms were 
also, found in the reticulo-endothelial cells lining the 
sinusoids and surrounding the small arterioles 
within the splenic follicles. Many of the large 
macrophages contained vacuoles and a small 
amount of brown pigment. A moderate number of 
multinucleatcd cells were present and a few foci of 
extramedullary hemapoiesis. Numerous small 
lymphocytes were present, irregularly dispersed 
throughout the splenic substance. 

" Mesenteric lymph node 

Within the mesenteric lymph node the cells were 
separated and the small venules, capillaries and 
lymphatics were greatly dilated. Throughout the 
substance of the node and also in the peripheral 
sinus a small amount of precipitated edema fluid 
was present. There was marked proliferation of 
the reticulo-endothelial cells throughout the l 3 Tnph 
node and in many of these large endothelial cells 
organisms morphologically identical with those 
seen in the spleen were found. The germinal 
centers were decreased in number, and there was 
infiltration with large macrophages, plasma cells 
and a few scattered small lymphocytes. There were 
large foci of necrosis which appeared as amorphous, 
granular eosinophilic material. An occasional 
multinucleated cell was seen near the periphery of 
the node. Throughout the entire section numer- 
ous small foci of hemorrhage were observed, 

DISCUSSION 

Although sections of only two organs were 
available for microscopic study, organisms identi- 
fiable as Eistoplasma capsulalum were found in 
large numbers. The lesions in the mesenteric 
lymph nodes showed large foci of necrosis while 
those in the spleen consisted chiefly of reticulo- 


' endothelial hyperplasia and parasitism of these 
cells by Eistoplasma, The difference in the 
reaction of these two organs might suggest that the 
organisms were present in the l 3 miph nodes earlier 
in the disease than they were in the spleen. 
,Although no direct evidence is available in this case 
V it is possible that the lymph nodes were involved at 
an early. stage and that after destruction took place 
large numbers of organisms may have been liberated 
to be carried to other parts of the body. From the 
type of reaction seen in other instances of histo- 
plasmosis* the lymph nodes form the first line 
of defense. 

The occurrence of only seventy-seven instances 
of histoplasmosis throughout the world (Parsons) 
suggests that man to man transmission is unlikely 
and that there must be some outside reservoir of 
the disease, B earner. Smith and Barnett have 
^ shown the organism is resistant to drying, even for 
long periods of time, and it is possible that the 
fungus may be harbored in the soil or be present on 
vegetable matter and that air-borne infection may 
occur. The frequency of involvement of the lungs 
as well as several instances of lesions in the trachea 
and, larynx suggests the respiratory^ tract as 
the route of infection. However, Henderson, 
Pinkerton and Moore failed to*” infect guinea pigs 
and dogs by intratracheal injections of cultures of 
the organism. The presence of lesions in the 
gastro-intesrinal tract in several instances in man 
as ’ well £is in experimentally infected animals 
supports the postulation that this may be a 
route of infection. De Monbreun has produced 
the disease in dogs by feeding cultures with their 
food, but Beamer and his associates were unable to 
transmit the disease to guinea pigs in this manner. 
The lesions in the intestines suggest that trans- 
mission would be possible through infected excreta. 
Three instances of the disease in man from St. 
Louis would lend support to the above mentioned 
portals of entry. In one the first lesion to appear 
was a small indurated ulcer on the tongue of a 
71 year old man which grossly simulated carcinoma 
to the extent that it was treated with radiant 
energy. Microscopic examination of a biopsy 
from the ulcer revealed numerous intracellular 
organisms identifiable as Eistoplasma capsulatum. 
The patient died several months later, but no 
autopsy was performed . In the other t^vo instances 
syunptoms of respiratory difficulty were the first 
to appear and endoscopic examination revealed 
partial obstruction of the air passages by a small 
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mass. Microscopic examination of biopsies from 
these areas showed numerous organisms morpho- 
logically identical with Eistoplasma capstdatuvi. 
One of these patients later died of a generalized 
infection and the other is still alive three months 
after the diagnosis was made. ’Whether or not 
these lesions represent the prirnar>" site of the 
infection is questionable, but clinically they were 
the first to appear. Moore and Jorstad have 
collected 19 cases whose presenting sj^ptoms 
were referable to the mouth, nose or throat and the 
frequency of early involvement of these parts 
suggests either the respiratoi^’^ or gastro-intestinal 
-tracts as the portal of entry. Also Henderson and 
his associates have emphasized the frequency of 
involvement of the mesenteric lymph nodes and 
point out^that, as De Monbreun demonstrated, 
organisms could apparently pass through the 
intestinal _ mucosa to the mesenteric Ijmip nodes 
without causing demonstrable lesions. The possi- 
bility of insect vectors must be considered as some 
are known to harbor intracellular 3’’easts. In a 
case reported by German and his associates a 
black ant was seen on an infant shortly before the 
appearance of a generalized infection ^vith Eisto- 
plasma which terminated in death. Also skin 
lesions were observed by B earner, Smith and 
Barnett but no microscopic examination was made 
so it is unknown whether or not parasites were 
present in the cutaneous eruption. As De 
Monbreun pointed out, it is possible that the tick 
or flea may sen^e as a transmitting agent since the 
fungus has been demonstrated in the blood stream 
of experimentally infected dogs, and has also 
been observed in the peripheral blood of patients 
suffering from the disease. 

The occurrence of spontaneous histoplasmosis 
in three dogs and a cat is of considerable impor- 
tance in attempting to establish a source of human 
infection. Since a number of cases have been 
reported from the St. Louis area (Beamer), it is 
of importance to recognize this disease as occurring 
here also in animal reservoirs, since a large number 
of these cases have been in children who are in 
dose contact with animal pets. Although no 
definite correlation between the disease in animals 
and man can be established, it is postulated that 


its simultaneous occurrence in man and in animal 
pets may be of considerable significance. 

SUMMARY AND CONCLUSIONS 

1. The third instance of a generalized infection 
in a dog by Eistoplasma capsulatum is reported.^ 

2. Material was not available for the cultivation 
or passage to other animals, but the morphologic 
characteristics and the reactions of the host are 
identical with previously described cases of this 
disease. 

3. The importance of the occurrence of the 
disease in an animal pet in an area in which a 
number of human cases have been reported is 
stressed. 

4. The possibility of the various methods of 
transmission from dog to man as postulated by 
De Monbreun is discussed. 

5. The majority of evidence suggests either the 
respiratory or the gastro-intestinal tracts as 
the portal of entry. 
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There are many reports • on the use of the 
hemialcoholate of 3-ammo-4-hydroxyphenylarsine 
oxide hydrochloride (mapharsen) in the treatment 
of experimental syphilitic animals in comparison 
with the arsphenamines and this drug is used 
clinically with considerable success. The first 
study by Tatum and Cooper (1) in 1932 indicated 
that the therapeutic index in experimental tr}^- 
anosomiasis was relatively high as compared 
with other eSective agents. Gruhzit (2) in 1935 
obtained a similar result, and reported the tryp- 
anocidal index of mapharsen to be 18, of arsphena- 
mine 14, and of neoarsphenamine 9. 

The use of mapharsen in the treatment of vivax 
malaria both in natural and induced infections 
was reported by Goldman (3) in 1938. Later its 
clinical use was studied by Cleveland and Turvey 
(4) in 1939. However, Young and McLendon (5) 
in 1939 reported that in their experience this 
arsenical did not eradicate the parasites of malaria, 
although it relieved the symptoms. This is in ac- 
cord \vith other reports (6), that arsenic pre- 
parations, such as arsphenamine - and neoars- 
phenamine, relieve the symptoms of malaria 
temporarily. 

Since an appraisal of the therapeutic efficacy of 
mapharsen has been made in syphilis (7), tryp- 
anosomiasis (2, 7, 8), and \dvax malaria (3, 4), 
it seemed advisable to study its possible usefulness 
' against other parasitic infections. For this^ reason, 
the amebacidal activity of mapharsen was tested 
in comparison with other agents of suggestive 
value against cultures of Bndamocha histolytica 
in vitro. 

Since emetine (9), carbarsonc (10), (4-carbara- 
inophcnyl-arsonic acid) and vioform (11) (Iodo-‘ 
cldoroxyquinolinc) exhibit amebacidal activity 
vt vitro and i?i vivo, a comparison of these agents 
with mapharsen and seven other compounds was 


made. Among these, meta-nitrobenzoic acid (12) 
has been reported to have some action as a trypano- 
cide in vivo and promin (N,N'-Disodiura dextrose- 
sulfonate of 4,4'-diaminodiphenylsulfone (Parke- 
Davis) against Brucella inclitcnsis (13). Other 
agents tested were: 2,4-dihydroxyphenylarsonic 
acid (Parke-Davis) ; N , N'-disodium formaldehyde 
bisulfite-3,3' - diamino-4,4' - di(i9-hydroxyethoxy) 
arsenobenzene (Parke-Davis); 4,4'-di(proprionyl- 
amino) diphenylsulfone (Eli Lilly); p-tolamidinc 
hydrochloride (Parke-Davis); and 4,4'-diamidinos- 
tilbene (Merck and Co.). A complete evaluation 
of these drugs in the chemotherapy of amebiasis 
was not attempted. 

Three strains of E, histolytica, two isolated from 
man and one from Macacus rhesus, were grown 
successful!}’’ on coagulated egg media at 37°-37.5° 
C., after the technic of Dobell and Laidlaw (14). 
Throughout this study, we have used coagulated 
whole egg as the solid constituent (on a slant about 
4 cm. m' length) and cgg-wlute diluted with 
Ringer's solution^ as the liquid portion (10 cc. in 
each tube). At the same time, a suitable amount 
of solid rice-starch was added to the cultures. 
Measured quantities of the chemicals were dis- 
solved in the liquid portion and then sterilized 
by passage through a Seitz filter. The pH of the 
liquid was adjusted to lie between 7.4 and 7.6 by 
the addition of a sterile solution of sodium bicar- 
bonate. The amebacidal acti\dty at various 
dilutions was observed at the end of twenty-four 
and forty-eight hours. Direct microscopic ex- 
amination was made of a sample of the culture 
removed by the use of a capillar}' pipette from the 
surface of the culture slant,' 

A general suramar}' of the data obtained on the 
amebacidal activity in vitro of the final concentra- 
tions of the various agents which were wthin the 
cfiectivc range appears in table 1. 


i 


^Thc chemicals used in this study were kindly sup- ^ Dobell's modified Ringer’s solution contains NaCl 
plied by the manufacturers. 9.0 gm., O1CI5 0.2 gm., and KCI 0.2 gm. Distilled 

* Research Fellow in Pharmacology. water to make 1000 cc. 
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TABLE 1 

Amchacidal cciiviiy in vitro of arsenical and other compounds in comparison vAih hnown amebaddes 


rmiAlIOEDA HISTOLYTICA 



DRUG CON- 

From man 

From man 

From macaque 

DRUCS VSS3> 

CEKTRATION 
IN VITRO 

3Bth, 42nd, 44th, 4Sth, 

tSth, 27th, 30th. 34th, 

^Sth, 32nd, 35th, 39th, 


4Sai, 49th, 52na, 54lh. 

35th, 38th, 40th, 43rd, 

40th, 43rd, 4Sth. 48tb, 



57 th, and 65 th snhcuUurcs 

and 5Ist subcultures 

and 56tii subcultures 

f 



24 hrs. 

4S hrs: 

24 hrs. 

48 hrs. 

24 hfs. 

45 hrs. 

3«amino-4>hydrox>Thenyl-aTsine 

1:15,000 




.... 



oxide hydrochloride (maph- i 

1:20,000 

— 

— 

+ 




arsen) 

1:30,000 

- + 

- + 

+ 

— 


— 

2 , 4-dihy droxyphenyl-arsonic | 

1:6,000 





- + 


acid 1 

1:8,000 


— 

+ 



... 

! 

1:10,000' 

+, ++ 

+ 


... 

- + 



1:12,000 

++, 

+++ 


+, 

+++ 

4- 

+. ++ 

" 

N,N'-disodiumfonnaldehyde 

1:2,000 

■^5 + 



.... 


.... 

bisulfite-3 , 3'-diamiGO-4, 4'- 

1:3,000 

+ 

""j -f 


... 

— 


di(/3 hydroxyethoxy) arseno- 

1:4,000 



- + 

- + 

+# ++ 


benzene 

1:6,000 

++ 

+ 

+ 

+ 

+, ++ 

- + 

Meta-nitro-benzoic acid 

1:1,000 

++ 


+-f 


+ 

-,+ . 

N,N'-disodium dextrose^sulfo- 
nate of 4,4'*diammodiphenyl- 

1:1,000 

++ + 

4*+ 

++, 

+++ 

++> 
+++ j 

++, 

+++ 

++ 

sulfone (promin) 








4,4'-di(propriony}aimno)di- 1 

phenylsulfone* | 

. .. . . ... ..... . . ... ...- - ... . .1 

1:5,000 

+++ ; 

++ 

+++ 

+ 

++. i 
+++ 

++ 

p^tolamidine hydrochloride j 

1 

1 

1:1,000 

+++ 1 

1 

++, 

+++ 

++, 

1 +++ 


! ++, 
4-++ 

[ +> ++ 

1 

4, 4'-diatm<imo-stiibene* 

1:5,000 

+++ 

i 

+> + 

++, 

+++ 

+, ++ 

-fri* + 

+> 

*4"4'+ 

lodochioTosyquinoIine hydro- 

1:6,000 

i 

; + 

' — 

+, ++ 


~ + 


chloride (viofonn-soluble) 


: ++ 

+, ++ 



+ 


4<arbammophenylarsomc add 

1:4,000 

++ 

— 

..... 


— 

- 

(carbarsone) 








Emetine hydrochloride 



— 

. ++ 

— 


- 

* 

BHi 

++ 

+ 

++ 

+ 

— . 


Controls (18 tubes, each strain) 

^ No drug 

++ (3X) 

+ (4X) 

++ (4X) 

+ (SX)' 

4'+ (OX) 

+ (2X)t 



+++ 

(15X) 

++ 

(iox) 

+++ 

(4X) 

+++ 

{14X)' 

++ 

(IOX) 

+++ 

{3X) 

(9X) 

++ 

(ISX)t 

+++ 


« Vigorous growth; ++ « less vigorous growth; -h « slight growth; - « no growth. 

♦ Not soluble in greater concentration. ^ 

f The number of times cultures were examined; for example, (2X) « an average of two times, {15X; ’=* an 

average of fifteen times, and so on. 
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The amebacidal concentration of vioform- 
soluble is 1 to 6,000 on E. histolyiica hominis and 
1 to 8,000 on E, hlslolylica viacacorim at 48 hours. 
This is a somewhat higher concentration than 
observed previously by one of us (11). The 
present test was conducted in Dobell’s and 
Laidlaw’s coagulated egg medium , instead of the 
Musgrave-Clcgg’s medium previously used and 
possibly there was less absorption of the drug by 
the rriedium. The findings reported with atneba 
isolated from man, which differed from the 
previous report, may have been due to the use of a 
more resistant strain of E, histolytica hominis 
isolated from a ‘‘cyst passer” who had been 
treated extensively with emetine hydrochloride 6 
months before the culture was, made. Against 
this strain as well as against the other strajn tested, 
the amebacidal concentration of emetine hy- 
drochloride was greater than the 1 to 25,000 
dilution reported by Dobell and Laidlaw (9). 
They also observed, however, that E. histolytica 
might live and remain active for many hours in 
a 1 in 1,000 concentration of this, alkaloid and it 
,was thought that with a longer exposure, the drug 
was more effective. The amebacidal concen- 
tration of mapharsen was found to be 1 to 20,000 
against one strain of jE. histolytica from man at the 
end of 48 hours exposure and 1 to 30,000 dilution on 
the other strain from man and on the monkey 
strain. Other agents tested were less effective. 

SUMMARY 

A study of the amebacidal activity iii vitro of 
mapharsen and seven other compounds and three 
knovm amebacides is reported. Of the group of 
agents tested in vitro j mapharsen was most 
effective and killed E, histolytica in 1 to 20,000 
to 1 to 30,000 dilution on 48 hours exposure. 
2,4-dihydroxyphenylarsonic acid was effective in 
1 to 8,000 dilutions against one strain of E. 
histolytica and N,N'-disodiumformaidehyde bisul- 
fite-3 , 3'-diamino-4 , 4'-di(|5-hydroxyethoxy)arseno- 
benzene in 1 to 3,000 dilution was effective against 
two other strains. Other drugs had no appreciable 
effect an amebae in' similar concentrations. 
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Studies on fatal P , falciparum infections in man, 
and on P. knoivlcsi infections in monkeys suggest 
strongly that death from acute malaria is precipi- 
tated largely by the anemia and is accompanied by 
heart failure resulting from myocardial anoxia, 
(1, 2). The inoculation of ducklings with two 
billion P. lophurac parasites per kilogram body 
weight results in the development of almost a 
uniformly fatal infection. (3) In this respect 
these infections arc similar to untreated /a/ci/?ar/nu 
and knowlcsi injections. 

A considerable portion of the voluminous litera- 
ture on avian malariolog}'^ is concerned with the 
host-parasite relationships. During the past fifty 
years observations have been made on some of the 
pathological changes occurring in avian malaria. 
It appears, however, from a review of the literature 
that a complete pathological study is indicated. 
In this paper the early pathological lesions pro- 
duced by P. lophurac in young white Pekin 
ducks are reported. 

METHODS AND ilATERIALS 

The ducklings used were of the white Pekin 
variety and were two weeks* old at the time of 
inoculation. The inoculum consisted of blood 
obtained from ducks with P. lophurae infections, 
mixed with an equal volume of 2 per cent sodium 
citrate in physiological saline. The inoculum was 
injected into the leg vein, each bird receiving 2 
billion parasites per kilogram of body weight. 
Subsequently the ducklings were killed at intervals 
of from 2 to 15 days (table 1). A complete 
autopsy was made immediately and tissues for 
histological study were placed into either one or 
all of the following fixatives: Carnoy*s, Zenker- 
formalin, and 10 per cent solution of formalin. 

‘ The studies on which this paper is based were aided 
by a grant from the Tennessee Valley Authority 
through the Division of Preventive Medicine, Uni- 
versity of Tennessee College of Medicine. 

2 Department of Pathology, School of Medicine, 
University of Arkansas, Little Rock, Arkansas. 


Paraffin sections were prepared from tissues fixed 
in the Carnoy*s and Zenker’s solutions and were 
stained routinely with hematoxylin and eosin. 
Tissues from some of the ducks were stained with 
Scarlet R for fat, by the Giemse technique to 
demonstrate parasites, and with acidified potassium 
ferrocyanide for the demonstration of hemosiderin 
(Prussian blue reaction). 

TABLE 1 


Ducklings used for pathological study 


NUMBER OF DUCK 

INTERVAL 

BETW'EEN 

DEATH 

AVERAGE 
SIZE OF 


INJECTION 
AND DEATH 

Killed ; 

Died 

SPLEEN* 


days 



mtn. 

46, 47, 48, 240, 

2 

5 

0 

10 X 8 X 5 

272 

21, 22, 24 

3 

3 1 

0 

10 X 8 X 5 

12, 13, 14, 15, 

4 

6 

0 

23x16x10 

16, 19 

27, 31, 32, 33, 

5 

6 

0 

26 X 21 X 14 

34, 35 





49 

6 

0 

' 1 

22 X 13 X 10 

50 

9 

0 

: 1 

i 14 X 12 X 6 

28 

9 

; 1 

: 0 

20 X 18 X 10 

29 

11 

1 

^ 0 

20 X 18 X 10 

30 

12 

1 

0 

20 X 18 X 10 

136, 146, 147 

15 

3 

0 

24x17x12 

37, 41, 51, 52 

I Controls 

4 

0 

14 X 9 X 7 


* These data are too few to be significant. They 
only indicate the trend of splenic enlargement. 


MACROSCOPIC PATHOLOGY 

No pathological lesions were observed in birds 
killed on the second day following inoculation. 
Spleens from ducklings killed on the fourth day 
after inoculation were slightly, but definitely, 
larger than normal. From this time to the 
fifteenth day the spleen increased in size (table 1) 
and in pigmentation. The consistency of the 
larger spleens was relativel}'’ firm. 

It is questionable whether the liver \vas pigmented 
on the second day; however, on the fourth day it 
was definitely pigmented. The degree of pigmen- 
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tation gradually increased to the fifteenth day. 
The lungs and the femoral bone marrow became 
progressively pigmented as the infections developed. 
Focal, reddish-blue areas, resembling hemorrhages, 
occurred in the lungs of some of the birds. 

An acute fibrinous pericarditis accompanied 
frequently by hemorrhage in the epicardium 
occurred in several instances, most often after the 
fourth day following the inoculation. The larger 
hemorrhagic areas measured 0.5 cm. in diameter. 
The myocardium became progressively more pale 
and flabby during the acute phase of the infection. 


in the splenic pulp. It was impossible to determine 
the exact location of the pigment in relation to the 
sinuses and the pulp. Nucleated red blood cells 
were found diffusely infiltrating the pulp at this 
time. As the infections progressed, the number of 
yellow granules of pigment increased in the spleen, 
and accompanying tins increase the small granules 
apparently adhered to each other to produce small 
masses of pigment. These masses were distributed 
throughout the splenic pulp during the first six 
to seven days of the disease. After this time there 
appeared to be a tendency for these masses of 



Fig. 1A. Red blood cells diffusely infiltrate tlie splenic pulp. The amount of pigment is insignificant. Duck 
24 killed three days following inoculation. 

B. The clear spaces in the pulp were formerly filled with red cells. Note the large masses of pigment. Duck 
27 killed five days following inoculation. 

C. The splenic pulp is filled with red blood cells. Masses of pigment are present. There is also a hy]icrplasia 
of Uic splenic pulp cells. Duck 29 killed eleven days following inoculation. H & E. X96. 


In birds which survived, the color of the myocar- 
dium gradually returned to normal after the infec- 
tion subsided. 

No lesions were obser\^cd in the brain. There 
was an insignificant amount of pigmentation of 
the muscles, skin and parenchymal tissues other 
than those described previously; otherwise, these 
tissues showed little, if any, variation from the 
normal. 

MICROSCOPIC PATHOLOGY 

Spicen: On the second day of the iiifections a 
few small granules of malarial pigment were present 


pigment to accumulate around the walls of the 
larger sinuses in tlie spicen. 

There was an obvious decrease in the number of 
erytliroc^'tcs in the splenic pulp of some of the 
ducks. The pulp was filled with red blood cells 
in the normal ducks and during the first two to 
three days of the infection (figure lA). After this 
time numerous spaces occurred in the splenic pulp 
which were formerb*^ filled with red cells (figure IB)* 
Both the granules and tlic masses of pigment were 
more conspicuous in the ducks with the maximum 
infection. The splenic pulp again became filled 
with red blood cells in the birds that survived for 
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ten to fifteen days (figure 1C). In these latter 
ducks there was a hyperplasia of the reticular cells 
in the spleen. 

Hyperplasia of the blood forming tissue in the 
spleen was most conspicuous in the walls of the 
larger venous sinuses. Masses of these cells 
c.xtended into the lumen of the sinuses and a 
single layer of endothelial cells sometimes covered 
these groups of reticulardike cells (figure 2). 
Similar changes joccurred also in the liver and the 
kidneys. Apparently these lesions are significant 
in the production of the vascular changes de- 
scribed subsequently. 

The Scarlet R stains on the sections of spleen 
showed a large amount of lipoid granules within 



Fic. 2. The wall of a large venous sinus in the spleen. 
Cells like those in the splenic pulp project into the 
lumen of this vessel. These cells are covered by 
a layer of endothelium Duck 30, H & E. X368. 

the cytot)lasm of the pliagocytic cells in the pulp. 
Malarial pigment and ligpoid granules were present 
in the same phagocytes. Some of these phagocytic 
cells showed a predominance of cither fat or malarial 
pigment. Lipoid granules likewise were present 
in the masses of hyiicrjdastic cells in the wall of 
the venous sinuses. No hemosiderin was demon- 
strable in cither the spleen or in any tissues of 
the ducks. 

I AVer: There was a progressive increase in the 
amount of phagocytosis by the KupfTer cells 
beginning about the second day of the infection. 
Pigment and cellular debris were present in the 
cytoplasm of these phagocytic cells. After the 
third day. vacuolation of the cytoplasm of the 
hepatic cells occurred in most of the birds. The 
cells .showing the greatest amount of fat were 
locatiHl around the central veins. Necrosis of the 
hepatic cells snmetiuu^ occurrotl. In several 


instances white blood cells were present in these 
areas of degeneration (figure 3). The necrosis in 
the hepatic lobule apparently always occured 
around the central vein, sometimes it involved the 
greater portion of the lobule. The hepatic cells in 
such areas contained a large quantity of fat as 
shown by Scarlet R staining. 

As the disease progressed there was an increase in 
production of blood forming tissue in the liver of 
these ducks. The degree of h>Tperplasia was marked 
after the fourth or fifth day of the disease. These 
cells were located primarily around the portal 
triads. The walls of the vessels here were infiltrated 
with young blood forming cells, groups of these 
cells projecting into the lumina. The size of the 
masses of these proliferating cells varied, as shown 



Fig. 3. Extensive necrosis is present in the liver of 
some of the ducks. 7'his lesion occurs around the 
central vein of the hepatic lobule. H & E. X96. 


in figure 4A. Sometimes the lumen of a hepatic 
vein was partially’’ occluded. Frequently^ the 
surface of these masses of cells was covered by’ a 
pink-staining, fii)rin-Iikc material. Red blood 
cells and leucocytes sometimes adhered to the 
surface of these masses (figure 4B), Granules of 
malarial pigment were present both on the surface 
and in these groups of reticular-like cells. 

Kid}wy: There was a varying amount of 
parenchymiatous degeneration in the epithelial 
cells of the renal tubules. Sometimes the cells 
showed cloudy swelling, colloidal drojilcts and 
vacuoles of fat. Albuminous jirecipitalc was 
present in the lumina of some of the tubules. 
No specific change.^ were obscr\’ed in the glomeruli. 

Masses of blood-forming cell.s were present in 
the medulla. Tht'sc occurred in the walls of the 
Ifiood sinuses and projected into the lumina in 
a manner similar to that described in the liver 
and in the spleen. I'he lumens of many of the 
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large blood vessels in some of the ducks were 
filled with these thrombus-like masses (figure 5). 



Fig. 4. Masses of cells are attached to the wall and 
extending into the lumen of some of the larger hepatic 
veins. The cells in these masses are identical with 
those frequently found in the wall of these vessels. 
Sometimes pink staining fibrin-like material is present 
in tliese groups of cells. Leucocytes and red blood 
cells sometimes adhere to tlie surface of these masses 
as shown in figure B, Duck 29, H & E, A, X96; 
B, X736. 


became increasing!}" difficult to demonstrate 
phagocytic cells in the larger masses of pigment 
Phagocytosis of pigment b}" the endothelial 
ceils in the blood vessel walls apparently was 
an insignificant process in these ducks. The 
pigment appeared to be primarily in the circulat- 
ing phagocytic leucocytes. It is difficult, how- 
ever, to be certain about the location of these 
phagoc}’tic cells. As shown in figure 6, the 
pigment is retained in the lungs primarily within 
the lumina of the blood vessels. Sometimes 
masses of pigment were found apparently oc- 
cluding the lumina of the capillaries in the 
interstitial tissues. Pigment was present in- 
frequenth" within the ah’eolae. 

Groups of red blood cells filled the lumina of 
some of the alveolae and similar cells were present 
in the lumina of the larger bronchi. These 
cells may result from strangulation at the time 
of kOling the ducks. A few erythrocytes and 
edema fluid were present in the alveolae of the 
lungs of one duck that died spontaneously on 
the sixth day following inoculation. The pul- 
monary findings in this bird suggest that some 
of the blood obsen^ed in the alveolae in the 
others ma}" be due to the infection. 

Blood vessels: One of the most Interesting 
of all the pathological lesions in these ducks 



Fig. 5. Groups of cells project into the lumen of the venous sinuses in the kidney similar to those in ffie hver 
and spleen. I^Ialarial pigment may be present in these groups of cells. Duck 29, k & E, X368. 


Ltnigs:, Granules and small masses of malarial 
pigment occurred in the lungs after the second 
day of the infection. The quantity of pigment 
increased progressively during the period of 
several days. This pigment appeared to be 
held by the circulating phagocytes in the lumina 
of the capillaries. As tlic disease ]>rogressed it 


occurred in the blood vessels. Groups of mon- 
onuclear cells were present in the lumina of some 
of the large blood vessels after the fifth day of 
the disease (figure 7). The groups of cells were 
similar to those in the wall of the blood vessels 
in the liver, the spleen, and the kidney, and 
appeared to be hemopoietic cells. Leucocytes, 
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red blood cells, and nialarial pigment were some- 
times found in association with these masses 
of cells. This variation also occurred in the 
thrombotic masses described in the walls of the 
sinuses in the parenchymatous organs. 

The lumina of many of the vessels throughout 
all the tissues were filled with red blood cells. 
No abnormal distribution of the cellular elements 
was observed in any of the vessels. The en- 
dothelial cells lining the vascular system was 
carefulty studied for phagocytosis. During the 
first six to eight days of the infection it was 
difficult to determine whether some of the masses 
of pigment were present either in the circulating 
phagocytes or in the endothelial cells. In a 
ver\^ few instances malarial pigment was found 



Fig. 6. Masses of malarial pigments are present in 
the capillaries in the interstitial tissue of the lungs. 
Infrequently malarial pigment is present in the alveolae. 
r)uck29, H&E. X736. 

within the cytoplasm of endothelial cells. Phag- 
ocytosis by these endothelial cells was observed 
more frequently in the vessels of the birds that 
survived the infection for the longest periods 
of time. 

The endothelial cells lining the small blood 
vessels in the brain were studied carefully in 
both the hemotoxylin and cosin stains on paraffin 
sections, and the Scarlet R stains on the frozen 
sections. Lipoid masses were present in the 
endothelial cells of these vessels. The globules 
were usually small. Sometimes masses of mala- 
rial pigment and globules of fat were present in 
the same cell. It was difficult to ascertain 
beyond question wiicthcr this fat and pigment 
were always in either the endothelial cells or in 
the circulating phagocytes. In the hemoto.xylin 
and cosin stains malarial pigment was not ob- 
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served in the endothelial cells in the cerebral 
vessels. 

There was a variation in the amount of fat 
in the cerebral vessels of the different birds. 
Duck 49 died on the 6th day, and there was 
a diffuse distribution of lipoid in its capillaries. 
Duck 30 survived the acute infection and was 
killed on the 12th day of the disease. Only 
an occasional endothelial cell with fat was found 
in this bird. 

Heart: The ducks with an acute pericarditis 
had red blood cells, leucocytes, edema, fibrin, 
and young myeloid-like cells infiltrating the 
epicardium. This cellular reaction sometimes 



Fig. 7, Groups of large reticular like cells are present 
in the lumen of some of the larger blood vessels in the 
lungs. These cells are similar to those occurring in 
wall of the veins in the liver, spleen, and kidneys. 
Duck 29, H&E, X736. 

extended down into the cardiac muscle. Focal 
areas of degeneration were present in the my- 
ocardium of some of the ducks and these were 
infiltrated with red blood cells and leucocytes. 
These masses of cells sometimes resembled groups 
of e.xtramedullary blood-forming tissue. 

Sections of the myocardium stained with 
Scarlet R showed a few mononuclear phagocytic 
cells with their cytoplasm filled with lipoid 
granules. These cells occurred more frequently 
about the pcriphcr>' of large blood vessels. Ver>^ 
infrequently lipoid material was found in the 
cytoplasm of the endothelial cells lining the 
blood vessels. The lumen of some of the small 
blood vessels were filled with globules of lipoid 
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which stnincfl witli Scarlet IL Some tinier the 
fat in such vessels appeared lo he present both 
within tlie circulating phagocytic cells and in 
the lining endothelial cells. In other instances 
the globules appeared in clusters filling the 
lumen of the vessels. Masses of lipoid granules 
occurred in the myocardium of normal ducks, 
the location being similar to that descrlhed for 
the infected birds; Ijowever in I lie latter the 
process was more pronounced. 

Banc marrou*: It was imj^ossible to determine 
the degree of hyper])lasia present in this small 
group of ducks. Since the birds were quite 
young the marrow was normally very cellular. 
The histological studies made upon only a few 
of these birds suggested that hypeqdasia was 
present. Phagocytic cells in the marrow were 
filled with malarial pigment » hut there was wide 
variation in the degree of pliagocylosis in the 
various ducks. 

Brain: No hemorrhages were found in the 
brains of the ducks. A detailed study of llie 
neurological lesions in these ducks will be included 
with those in man and monkey to be puldished 
in a separate paper. 

Intestinal tract: A section of the intestines 
was removed from each bird and no patho- 
logical changes were observed. 

Mmclc: No pathological changes were oh- 
scrNxd in the striated muscles. 

DISCUSSION* 

The basic pathological lesions occurring in 
these ducks are similar to those previously de- 
scribed in a case of P. falciparum in a child and 
P, hwivlcsi in Macacus rhesus monkeys (1, 2). 
There is a marked decrease in the number of 
red blood cells observed in the spleen of the 
ducks that either die or arc moribund when 
killed. The pale color of all the viscera is in- 
dicative of a severe anemia. Clinical observa- 
tions confirm the development of a severe and 
rapidly progressing anemia in young ducks 
infected with P. lophurac (3). 

In the j)revious studies referred to, the relation- 
ship of pulmonary edema and central necrosis 
in the liver to a failing myocardium has been 
discussed (1, 2). Each of these lesions may 
develop when the myocardium becomes ano.xic. 
In the presence of a marked decrease in the 
number of red blood cells, and the remaining 
cells being highly parasitized, it would seem 
most likely that the transportation of oxygen 


and the remo\*aI of waste .j)roducts would he 
markedly affected. An increase in capillary 
premeabilily Is one manifestation of anoxia (4). 
Thv amcentralion of red l)lood cells within the 
lumina of the blood vcs:^eis would suggest that 
rtuids probaldy escaped into the c.xtravascular 
tissues. It is, course, <lifncuU to demonstrate 
pathologically small amounts of edema within 
the tissues, 'i'he edema iluid in tlie lungs may 
be exj)lained on the ])asis of ano.xia. Li])oi(l 
granules in the (Midolhelial cells of the brain 
likewise indicate injury wliich may have resulted 
from anoxia. 

The presence of groups of cells within the 
lumen of the larger i)lood vessels in these ducks 
must not l)c confused with the groups of ag- 
glutinated red blood cells described by Kniscly 
et al, in monkeys infected with P. kno:clesi (5). 
'Fhe groups of cells present within the lumen 
of the blood vessels of these ducks are similar 
to the hyper])lastic cells occurring within the 
walls of the blood vessels in the liver, the kidney, 
and the spleen. It is significant that these 
groups of cells are found only following the 
jirocess of iiyperplasia. Thc.^e cells have the 
histological cliaracteristics of e.xtranUHlullary blood 
forming tissue. It is important to remember 
that e.xlra medullary blood ftirmntion is con- 
spicuous in young ducks. Bloo<l forming tissue 
occurs in virtually every normal organ of the 
iiody, being especially j)ronounce<l In the lungs, 
liver, and in the sjilecn. A in*peq)lasia of this 
type of tissue may occur in luekemia (6). The 
clumps of ceils as oliserved liy Kniscly arc present 
much earlier in the course of the infection in 
the monkey. Thv clumps of cells described 
by Lack in the blood vessels located on the 
inner surface of the wings of canaries infected 
with /^ cathemerium likewise occur at a much 
earlier period in the disease than the masses 
of cells obserwd in the ducks (7). 

(Jroups of cells resembling those in the .splenic 
pulp are present in the wall of the large venous 
sinuses in premature infants. Similar cells have 
been observed in a chikBs spleen infected with 
P. falciparum and also in the spleen of monkeys 
injected with P. kno’ivlcsi (2), In no previous 
pathological study, however, has the writer 
observed the extensive hyper{)lasia that is present 
in some of the ducks infected willi P, lophurac. 

It appears very likely that hyperplasia of 
the extramedullary tissue in the walls of some 
of the larger venous sinuses may be an important 
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factor in the development of splenic infarcts. 
Obser\-ations are being made no\v, and will 
be reported in a subsequent publication, on the 
spleen from man, monkey, and bird with malaria 
in an effort to determine the significance of 
this process. 

Bmetsch (8) has described vascular lesions 
in the spleen of human cases of P. vivax malaria 
similar to these in the duck. He states -that, 
“The endothelium of larger trabecular veins 
was frequently lifted up by an accumulation 
of plasma cells, basophilic round cells, and lympho- 
cytes, Within the trabecular veins there was 
a great number of macrophages, plasma cells, 
basophilic round cells, and lymphocytes. Some- 
times large groups consisting of 25 to 50 ma- 
crophagic reticular cells were present in the 
lumen of the veins. They had the tendency 
to adhere to each other entangling other white 
cells and red corpuscles in their meshes. Oc- 
casionall}^ an elongate, entirely unstimulated 
reticular cell was found floating within the trabecu- 
lar veins.’’ 

It is especially interesting to find in the ducks 
a few cells lining blood vessels that contain 
malarial pigment. Phagocytosis by similar cells 
was not observed in the monkeys infected with 
P. hiowlcsi or a child with P. falciparum. The 
infrequenc^’^ of phagocytosis by endothelial cells 
in the duck would indicate, however, that such 
cells do not play a significant role in the process 
of phagocytosis of malarial pigment and para- 
sites, Phagocytosis occurs primarily in the 
Kupffer cells of the liver and in the spleen. Which 
cells arc phagocytic in the spleen is not deter- 
mined by this study. A small amount of phag- 
ocytosis also occurs in the bone marrow. 

The absence of hemorrhages in the brain of 
these ducks is important in considering the 
mechanism of hemorrhages in the human brain 
in case of P. Jakipantm infection. The degree 
of parasitization of ducks with P, hphurac is 
much greater than that observed in man with 
P. falciparum. The possibility of clumps of 
these cells plugging the cerebral vessels likewise 
would appear to be more likely in the duck than 
in the human brain. In view of the lesions 
obscr\xd in the human brain and in the brain 
of the monkeys, and in the absence of a cor- 
responding lesion in ducks infected with an 


acute iypt of malaria, it is suggested that ob- 
struction in the cerebral vessels by masses of 
parasitized red cells may not be the entire ex- 
planation for the hemorrhages that occur. 

The pathological lesions, observed in these 
ducks killed within the first fifteen days of the 
infection with P. lophurac, suggest that the 
rapidly progressing anemia plays a most signifi- 
cant role in the production of death. The anemia, 
of course, results from the rapid destruction 
of the red blood cells by the parasites. The 
extensive h}q)erplasia of the blood forming tissues 
is indicative of the reaction of the host to the 
anemia. 

SUMMARY 

The pathological lesions in young ducks in- 
fected with P. lophurae are described. It appears 
from this study that the rapid development of 
an anemia, resulting from the destruction of 
the red blood cells by the parasites plays a signifi- 
cant role in the production of these lesions. 
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During the 1943 reason, several species of 
mosquitoes have been ol)?crv’cd breeding in 
unusual situations at Kccslcr Field, Mississippi 
and in the nearby town of Biloxi, Few of the 
situations ob*scrved were producing mosquitoes 
in large numbers, but they emphasise the differ- 
ence between habitat preference and habitat 
tolerance, and the danger of stcreot> 7 >ed thinking 
with regard to brecxHng phees, 

AnopheUs qucdrbiiaculaliis Say. This species 
was fairly abundant at Kccslcr Field and in the 
vicinity during June and Juh', The region 
presents no Uq^ical habitats such as one finds in 
tlic highly malarious regions of the Southeast, 
but the mosquito is apparently able to adajit , 
itself to a variety of breeding phccs which would 
not ordinarily be considered fav^orablc. 

At one j>oint on Kceslcr Field, larv'ac were 
found in some numbers (S, 4th instar, July 13; 
i (reared) July 27; 8, 4lli instar, July 19), in tiny 
pools in a running ditch. The ditch, cut tlirough 
a seepage area in the old Naval Rc5cr\’c Park, 
at no time except during hcav}" rains carried more 
than an inch of water. 

An unusual number of adults in certain resting 
stations initiated an intensive search which 
revealed the species breeding abundantly (10, 4th 
instar, July 15; 6, 4lh instar, July 16; 9 (reared) 
July 20. Small larvae and cruzlans plus quadru 
maciihlus 12.4/dip.) in about two inches of water 
flowing from a broken w'atcr main, and flooding 
the grassy area between a curbing and the side- 
w'alk. 

In tlic city of Biloxi, 2, 4th instar larv^ac were 
collected July 15, along wdth A. crucians breeding 
in a small ditch fed by a spigot left running con- 
stantly at about half force to supply water for a 
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drinking trough. At another point, 1, 4th instar 
lar\*a was taken July 16 in a similar, but much 
smaller situation wlicrc the faucet was allowed to 
drop for the benefit of chiclrens. 

Anopheles punctipcnnls (Say). Three, 4th in- 
star lar\’ae of this species were collected May IS 
from a fircb.irrcl at Kccslcr Field. 

Anopheles crucians AYied. Three, 4Ui instar 
larvae of Upical A, crucians crucians were col- 
lected August 20 from a large tin can on the edge 
of a small marsh in Biloxi. The can was quite 
rusty, but the water w'as clear and considerable 
leaf debris had collected at the bottom. 

Acdcs tacniorhynckus (Wied). This species 
TOs taken breeding in fresh water at two stations 
on Kecsler Field. (1, August 30; 2, September 8). 

Acdcs soUkitans (\Yalk.) ? Acdcs larv’ac which 
arc very similar to t>pical soUicilans except in the 
great development of the anal gills were collected 
in some numbers during September in several 
fresh water habitats on Kccslcr Field. Most of 
these were identified b^’ the authors as Acdcs 
tnilchcUaCj but the entomologist at Gulfport 
Field has found similar ]ar\^ae which were reared 
and proved to be soUicitans. 

Otlcx t:i£ripalpus Thcob. Two larv'ac of this 
spcdcs were taken September 9 from brackish 
jxmls, on a salt marsh at the edge of Kccslcr Field, 
where Acdcs tacniorhynchus^ A. soUtciianSy and 
Anopheles hradlcyi were breeding abundantly and 
Citlex saliiiarius was rarely found. There seem 
to be no previous records of this species breeding 
in brackish water, 

Acdcs iriscriatus (Say). This species breed 
abundantly in water in old tin cans during March, 
April and May at the can dump at Kecsler Field. 

Orlhopodoviyia signifera (Coq.). Larvae were 
found breeding in water in tin cans along with A. 
(riscriatus and Cnlcx Quinqucfasciatus on July 22. 
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Geiman (1) has described briefly the cultivation 
of strains of Leishmania in the allantoic fluid of 
the developing chick embryo. Cultures of L, 

, tropica were carried for 26 passages but L. brazil- 
ieiisis only survived for 2 passages. No tissue or 
blood stream invasion occurred with any strains. 
The yolk sac method of inoculation of the devel- 
oping chick embryo, first developed by Cox (2), 
has been used in our hands for the study of several 
virus-like agents (3-5) and bacteria (e.g., H. 
Ducreyi (6)). Because of the difficulty of main- 
taining strains of Leishmania in this country by 
any method than that of blood agar culture, 
which gives only the leptomonad form, it seemed 
of interest to determine whether this group of 
protozoa could be cultivated by the simple yolk 
sac technique. Three strains of Leishmania 
Were used (a) L. donovani (?) of unknomi origin 
obtained from Dr. M. Kahn; (b) L. tropica 
obtained originally from Dr. H. A. Senekji; (c) 
X. braziliettsis obtained originally from Dr. 
0. da Fonseca. All were made available to us 
through the kindness of Dr. 'Roy Creep. They 
had all proven non -pathogenic in animals. 

TEOmiQUE 

Chick embryos of 6, 7, 8 or 9 daj-s prior incuba- 
tion were used throughout. There was no evi- 
dence of difference in susceptibility within this 
age range. 1 ml. volumes of inoculum were used 
in all cases, previous experience ha\dng shown 
tliat this volume, presumably because of better 
dissemination through the yolk, gives more con- 
sistent results tlian do smaller volumes. Three 
incubation temperatures were used, namely, room 
temperature (which fluctuated between 19°C. 
and 23°C.)i 2S®C. incubator and 36.5®C. in- 
cubator. The results obtained at these three 
levels will be discussed below. As far as the 
cluck cmbr}’os tljcmsclves were concerned they 
developed almost normally at and slowly 

but significantly at 2S^C. At room temperature 
they survived but showed only very slight or no 
grossly observable development. AH eggs which 


died, or which were to be studied after a given 
period of incubation, were opened and emptied into 
sterile Petri dishes. A small piece of the yolk sac 
was smeared on dean glass slides. Such smears 
were fixed with methyl alcohol and stained with 
Giemsa’s stain or fixed with heat and stained by 
Macchiavcllo^s method. In those cases where 
the 3’’olk smears showed infection with Leishmania 
and it was desired to use the material for passage, 
the yolk sac or yolk sacs were removed and shaken 
in their ovm pooled allantoic fluid and yolk in a 
volume equal to 10 times their weight. In titra- 
tions, furtlicr dilutions w^re made in pooled al- 
lantoic fluid and yolk from normal uninoculatcd 


In general it raa^^ be stated that all strain^ 
showed some multiplication at all temperature^ 
of incubation tested. At 36.5°C. .the organism^ 
apparently developed poorly in the case of all 
strains. Only a small proportion of the eggs 
died (26 per cent) and most of these died late (10 
to 15 daj^s after inoculation). However, when 
the cmbrj’os were opened even as late as the 21st 
day of incubation, and a piece of tlic yolk sac 
smeared and stained, the majority of eggs were 
found to be infected (75 per cent). At room tem- 
perature the results were satisfactory while this 
was approximate!}' 23®C. 96 per cent of eggs died 
specifically and even in the early (1st to 5th) 
passages death occurred in 3, 4 or 5 days in 94 
per cent, folloudng j’olk sac inoculation of a 10 
per cent suspension of infected yolk sac in homol- 
ogous yolk and fluids. Wlicn the temperature of 
the room. fell to 21®C., and even to 19®C., most 
of the eggs still died (except in the case of the 
strain of X. tropica) but 63 per cent of the dcatljs 
did not occur before the 9th day. After 7 passages 
under conditions of fluctuating and comparatively 
low icmpexaluTcs, all slrains were carried in an 
incubator at 2S®C. Mortality within a 3, 4 or 5 
day period reappeared in 97 per cent of the eggs. 
It w'as, therefore, concluded that the optimal 
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temperature for thcjcultivation of Lcishraania in 
the yolk sac lies bctuxcn 23^C. and 2S°C, 

Lcishmania donovani 

This strain has been carried in the 3 ^olk sac for 
14 passages at 36.5°C and for 31 passages at lower 
temperatures* It has pro\^cn almost uniformly 
lethal (95 per cent) and the smears of the yolk 
sacs have showm protozoa often in large numbers. 
Dilutions of 1/1000 of 3 'olk sac or higher were not 
lethal. In the first few passages a few flagellates 
(leptomonad forms) were seen in smears from the 
cmbiy-o — specifically smears from liver or spleen — 
but later these were not obsen^ed. For the most 
part the protozoa seen in tlie 3 ^olk sac smears were 
in the leptomonad form, not infrequently indeed 
in the form of "agglutinated^^ rosettes, but occa- 
sionally there were forms which were definitely 
suggestive of Leishman-Donovan bodies, and 
there w^ere also larger bizarre non-flagcllatcd forms 
whose size and ovoid shape suggested degenerated 
leptomonads. When sections of the 3 ^olk sac and 
embr 3 ’'o w’ere prepared the pathological picture 
became clearer. Protozoa were not seen in an 3 ’' 
organs of the embryo. The 3 " were plentiful how- 
ever in the 3 ^olk cells of the 3 ’'olk sac, often when 
the smears of these sacs had not shown very 
heavy infection, and might also be seen scattered 
or in groups or rosettes in whatever 3 'Olk had re- 
mained adherent in the section. While definite 
leptomonads and Leishman-Donovan (L-D) bod- 
ies could be found both in the 3 "oIk cells and in 
the 3 "olk, L-D bodies were most numerous in the 
cells and were usuall 3 ’‘ scanty in the overlying 
3 ^olk. Rosettes of leptomonads or groups of lep- 
tomonads and L-D bodies were often seen in the 
yolk. In the 3 ^olk cells it was striking that a group 
of twenty or more neighboring cells might all be 
infected and that apparently all forms present 
would be leptomonads. In another group of in- 
fected cells the L-D form would predominate. 
Large areas free from infection would separate 
such infected groups. One has the impression 
that multiplication of both the L-D forms and the 
leptomonads occurs in the yolk cells but that 
either convei^ion to the leptomonad form or 
multiplication of this form, or both, occurs in the 
yolk. 

Lcishmania hrazilienses 

This strain has been carried for 14 yolk sac pas“ 
sages at room temperature or 28°C. It has proven 


lethal in all eggs by this method and smeai^ of the 
3 ’olk sac have usualh*. shown ver 5 ':heav 3 * infesta- 
tion. Dilutions of 1/125 of original 3 ’olk sac were 
infective. Higher dilutions have not been tested. 
The pathological picture resembled that described 
for L. donovani, 

Lcishmania tropica 

This strain has also been carried through 14 
3 'olk sac passages at room temperature or 28‘^C. 
Unlike the other two strains which were trans- 
ferred vei 3 '’ rcadih" from blood agar to the 3 ’olk 
sac of the developing chick embiy’o and gave good 
infections from the first, this strain infected ven' 
poorly for the first four passages, infecting onl 3 ’' 31 
per cent of the eggs. From the fifth passage on, 
however, this strain behaved like the others, in- 
fecting all eggs and ginng smears showing infes- 
tation approximate!}" as hea\y as L, donovanu 
On section of the 3 ’^olk sac, fewer Lcishmania were 
seen than with the other two strains but othen^ise 
the picture was unaltered. 

Yolk sac material from L. donovani (2nd pas- 
sage at 38.5®C.) and from Z. hrazUiensis (2nd, 
5tb, and 6th passages at room temperature) were 
given to Dr. Ro}" Creep of the Division of Phar- 
macolog}" of the Squibb Institute who inoculated 
them into hamsters, but was unable to produce 
an}" infection in these animals. We Nvish to ex- 
press our gratitude for this and other help given 
us by Dr. Creep in connection with this study, 

SUMMARY 

Three strains of Leishmania have been culti- 
vated in the yolk sac of the developing chick em- 
br 3 'o. One strain has been carried for 31 con- 
secutive passages by this method. The protozoa 
infect tlie }"olk cells and multiply there both as 
Leishman-Donovan bodies and as leptomonads, 
but they also appear to multipl}" in the }''olk as 
leptomonads. The strains failed to infect ham- 
sters before inoculation into eggs. A few serial 
passages in eggs, although it gave rise to L-D 
bodies which were not seen in the prior agar cul- 
tures, also failed to give any enhancement of in- 
fecti'vdty for these animals. A simple method of 
cultivation of these protozoa, giving both flag- 
ellated and unflagellated forms, has been developed 
and ofiers promise for their maintenance in the 
laboratox}" and, perhaps, for use in chemothera- 
peutic studies. 
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The importance of mosquito identification at 
army installations in this country and overseas has 
shown the need for a rapid permanent method of 
mounting mosquito larvae. , At the Fourth 
Service Command Laboratory, the Entomology 
Department has had experience in mounting hun- 
dreds of laryae on micro-slides since its establish- 
ment. Many methods have been employed in 
preparing the shdes and as difficulties were en- 
countered, an efiort was continually made for 
improvement. Slides are primarily prepared for 
teaching mosquito identification and for this pur- 
pose it is necessary to have permanent, durable 
mounts that retain all taxonomic characters. 
Also a comparative larval collection must be main- 
tained to show clearly all characters, obscure or 
variable, that aid in the determination of closely 
related species. 

Officer entomologists attending the two weeks 
course in Mosquito Identification were desirous 
of learning to make , their own comparative col- 
lections to aid them in the identification of the 
local species at their respective stations. As 
these officers in time expected to be assigned to 
Malaria Survey or Control Units they were de- 
sirous of learning a method of mounting mosquito 
larvae that they could successfully use in overseas 
areas. This called for a rapid, simple method of ^ 
mounting mosquito larvae; one that could be easily 
used even in a field laboratory, gave permanent' 
results, and was unaffected by change in moisture 
or temperature. 

The usual method of clearing in xylene and 
mounting in balsam was found, in the very begin- 
ning, to be unsatisfactory. By this process, spec- 
imens were dehydrated by running them through 
progressively higher concentrations of alcohol. 
Then the inner tissue was cleared so that head 
hairs and other diagnostic characters on the larvae 
could be easily observed. After this processing, 
uhich took several hours, the specimens were 
mounted in Canada balsam. The disadvantage 
of this method was that the xylene, as a clearing 

* Sergeant, .Medical Department A.XJ.S. 


agent, made the larvae so brittle many hairs were 
broken as the specimens were arranged in the 
balsam. , 

^ The laboratory turned to another standard 
method, using chloral gum as a mounting medium. 
In this process the specimen had to be completely, 
hydrated. While the mounting process was ra- 
pid, much time was actually required before a 
slide was ready for use. Drying took several 
weeks even in an incubator room. While the 
slide was drying it had' to be frequently checked 
and more chloral gum added as evaporation took 
place. When completely dry, the edges of the 
mount had to be closed with some sealing medium. 
Unless the diloral gum was made exactly to for- 
mula, temperature changes caused the mounting 
medium to ciystallize. Over a period of four to 
five 3'’ears the chloral gum mount has a tendency , 
to turn brown. However, for temporary mounts 
this medium has some advantages. 

To overcome these difficulties, a search was 
made for a clearing agent that left the larvae soft 
and pliable.. Creosote U.S.P. was successfully 
used as a substitute for xylene in the cleamg proc- 
ess®, but it soon became apparent that further 
improvement was necessary. After clearing in 
the creosote U.S.P. , specimens occasionally col- 
lapsed when placed in the Canada balsam, and 
dark specimens were seldom sufficiently cleared. 
Also, the process was so slow it was impossible to 
keep up with the demand for study slides. 

After considerable experimentation, the follow- 
ing method has been developed at tbe Laboratory 
and has been used in preparing over 2300 larvd 
slides all with equally excellent results. Most 
important, the actual time now required to pre- 
, pare a slide has been very greatly reduced. 

Larvae are preserved and stored at the Labora- 
tory, in 80% alcohol. For permanent mounting 
tkey are taken from the 80% alcohd and placed 
in 95% or absolute alcohol for a period of from one 

®See Sci€7ic€, March 10, 1944, Vol. 99, A Rapid 
Method for Making Permanent Mounts of Mosquito 
Larvae, by Captain W. W. Middlekauff of the Fourth 
Service Command Laboratory. 
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to ten minutes. The longer the specimen has to 
^ remain in ;thc-. higher alcohols the more brittle it 
becomes and tlic more easily hairs are broken off. 
From the 95% or absolute alcohoP the specimen 
is transferred to a clean slide containmg the moun- 
ting-clearing medium, by means of a small spat- 
ula made from a smooth bent end of an applicator 
stick. This mounting medium is composed of 
Canada balsam, 'which has been heated slowly to 
drive off almost all the xj^lene, and then thinned 
with the creosote U,S.P. to the desired consistency. 

. Except for the most delicate specimens, larvae may 
be transferred from 80% alcohol directly to the creo- 
sote-balsam, with satisfactory results, thus further 
speeding up the mounting process. 


It has been found that a large specimen is mounted 
more easily if the mounting medium is thicker 
tlmn that normally used for a small thin specimen. 
After tlie larv^ has been properly arranged on the 
slide, a cover slip is .immediately placed over it 
After df}dng for 10 to 12 days, preferably in an 
incubator, tlie slide is read}" for use. 

Freshly collected specimens should be killed in 
hot water, and immediately transferred to 95% 
alcohol. After 5 minutes, carefully transfer the 
specimen to fresh alcohol and in another 10 min- 
utes the specimens are ready to be placed on the 
slide. An}" w’hite liquid that might be emitted 
from the Iar\"ae after they are placed in the cre- 
osote-balsam, will disappear as the slide dries. 
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